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Beginning Your Program: Study Hints 

1. Carefully •read these twelve steps. ' > 

This ir"ormaticn outlines the w<s »■ /our instructional orrgram will help vou 
leafn new informa* on and sk ' ~^ese 12 steps are ~ere provitie you 
^ivith a guide o~ how to stud> o achieve the be^: results from yqur 
course. We dc ~ot expect yo~ "emorize them. v - w-il receive addi- 
tional direct i- and reminder ~ow to study as j progress through / 
your Sudy G M \i 
f v 1 ; • ' ■ 

2, Select a place to . udy where distraction are at a minimum. 

A plea r it at- i nhere, good lie-., pr: temperature a comfortable cnair 
and d- - or and minima -ois- o television r -adio wilLhelp you 

• n '' results. x # ■ 

-""eduction to your Stucr u <ivj* " / 

*r was written to inform Q^Jf the organization and stfutture of 
onal materials anc thr i^Pthey'were developed to help you 
yc . i JearrHng. This is the f* r st stage of the learning system. It is - 




^ tc^el^ you learn how to f-arr. y 



% ■ v . 

4. Study th »Jni* "reviews in your Study ^xioe. 

Oncf* ou^cr-oiB to read the.first U r -'eview, you w i have entered the se\ 
con- 'age the learning progrc nese sections will give you a brief 
pre i - / - ■ " r subject matter you . study in each unit of the texttpook, 

5. Careful' -How Redirections that in- ediately follow the Unit Preview. ' 

J*he ■* '--c:i:^ will provide you w *ne guidance and*direction needed to 
use te* ^::ok and Study Guid ■ achieve optimal benefits. ' - — 

■ ■ ' - - . N 

6. Study tr^ ^earning Objectives of the_.sson. ' ' ' 

Thic ect on will tell yau t the'co~ -nt. of the specific lesson and will list 
sorr= -f ~r.e mportant concepts -ou\ill learn. This material will help you 
lear~ oy providing you vyith clues or what to expect. * ■ 

7. Study the assigned textbook reading 

The textbodk contains important technical information and concepts that 
were identified by specialists in fFTe heating industry. It is youc^primafy , 
source»of reference. ' . 
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- 8. Immediately after re^djr^tt^ as&gnment'complete^h! assigned 

Progress fleview in your Study Guide. • f ' 

The Progress Review ajfbws you to apply your newly acquired kn *lec:eto 
v answer questions an&solve problems. It also wil]]^ist you-r :lar vjng 
• any. misi^derstar><firigs you have regarding the subje»E| matter you ust 
studied. ^ . ' ► . / \- 

' x • ' • • ■ - • f - • 

9. Compare your answers with those giveTi in the Answer Key in the of ^ 
the Study Guidp. • ^ . . f 

' * fhi&^ill.prpyide^pu With immediate feedjpack of yourachieveme " tnere* 
; is^disagr^ement regarding a tjBst item answer, or ff you need cl = - cation, 
^ refer back to the textbook. If you need hnpre help, , fill : U t c „ udent 
Assistanceform and maiNt to your instructor, v 

10. After you tiave reviewed your Progress Review and the. text materia* *epe*H. 
steps 5, 6, 7, 8, and 9 for the r^haining assignments within the y-rfit 

11. Complete the Unit Examination and mail it to your instructor. 

'The results of this test will assist your Jnstru'ctCHn evaluating . ur cro- 
.-gress and achievement. Tt)e results will/also be usedlo'provuiVf . u *'th 
refnedfel assistance when hecessary. 

12. Begin ypur next^it 6t study imnjediately^after^ the Unit t imi^a: on. 

Yobr certificate of achievement will be^mailed to you after you --atfsfactyi?- 
' Jy complete all the assignm&Rts in this course, ttfe Four Ujiit Examinations, 
•^nfl Course Evaluation Form. Remember, one of the imp/rtant advanfacjls 
s of home study s that VOU set yourWn pace of educational achievement- 
c " You ard in control of when, where, and how yo^j study/Thp scnooYw. ! pro- 
vide you with SDecially developed instructional materials to HELP Y ?U BE 
^SUCCESSFUL in hortie 'study. Do not hesitate io write whene V c . need 
\ assistance. Good Lack! ■ ' ' V 
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CjblMSE OBJECTIVES \ * , 

For tHe purposes of cafc*«=TTv ng this training course, a heating and $ir condition- 
ing techrftcian is identify as - person who* may sell, design, specify and/or super- 
vise the installation of rtJ'rary residential and light commercial heating and.3ir : 
conditioning systems tvc -g the use of recognized standard componepts* 

The essential trainirc rciective of thisfC^m^se is to provide the heatfh&and air- 
conditioning technic^ witr rundamentaM^muqal knowledge on solaF assisted 
heating in order that trre tecrmician may aeqitire aty* advance in design, installa- 
tion and slicing responsibilities as the markfet fpr solaNassisted heating pr6- 
gresses., V . ' 

Upon-the completion of the course, the student technician should be able to: 

•1, Identify and understand the/ijnction bf air the components in both air and 
h^ronio solarjassisted heating^yst§msjjsing Tlat plate collectors. 

*2.' Size and- layout all the typical solar components used *in residential or light, 
comnfercial solar systems with guidance "an(^ assistance from component 
manufacturers. * - « 

• I ■ ' ' ' . ■• . I ' 

3. Assist in planninc and supervisingjhe installation of solar components in 

residences and o;;:er Ifqhjtly constructed buildigfls with nQ unusual occupancy 
requirements. ^ » 

4. Assist in troublesnooting common -solsfr assisted heating operational pro- 
blems. / * <j 

In preparing trws material, it has been assumed that tjie student technician: 1) Qn- 
; derstands basic neatftig industry terminology; 2) has knowledge o f heat f~?.s calcu- 
* lation procedun an- *tows simple duct and ^Ipe sizing techniques, as 
presented in reco jurses in Fundamentals of Heating, Heating & Cooling 

§yfctem Design an^ wi/aern Hydronic Heating, oras aqV 13 '^ accquired by prac- 
tical expepfence "on the job" in the industry. • . . ■ 

Mastery of these training objectives will be demonstrated by successful comple- 
3 tion .of fotyr writtei^'unijts" examinations during tbe trcgning^pyiod.* 1 
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Fundamentals of Solar Hpating^ > 

Introduction 

You are about to join thousands of other ambitious j^eople'who fiave found cor- 
respondence studya toost efficient an^ rewarding way of continuing their educa- 
tion. The t£ff that y^u have chosen to'enrottin ajTome study*edu'dational program 
indicates that you^cealize'. tbe importance' of -continuing ^our education. 
TechnolqgicaUa^nceVar^ creating nrjfchy new jobs. in;buslness and industry, ks 
^well-as, eliminating sonrje. fvtore than ever^be'' 
* Mt contintiihg educatioc 
irig industrial and technical Changes. V * \ p 

N Hqffle study is beintj used successfully by large iVjmbers of people jn the profes- 
sions to update their, Knowledge pj $ field of study asV&ll a$ a meaps of learning 
/few subject matter. Many businesses and industrial ^companies encourage their' 
.^employees to enroll in correspondence programs a§ a convenient means of main- * 
staining and improving professional skills. \\ j,- 

\Mucb research and effort has been put forth to ctetfetop' a program of fetudy\ 
which will assist you in achieving your .desired goal of self-improvement. All* of 
^our instructional materials Nhave been written and designed to HtLP YtjlJ TO > 

LEARNjJ . , V ■-, ' / 

Yo<J| educational materials consi&t primarily of a specialty created textbook, 
Fundamentals of Solar Heating; and a Study Guide. / • * 

The textbook was edited by Dr. James J. BuTfer/profess^r, Industrial Tech- 
no**^ Thephio Slate University and Jafhes H. Hfealy, Director of Education, 
si Northamerican Heating andAirconditioning Wholesalers Association . 

. . { . ■ ■ 

Vo^u will be learning new information from your textbook much the same as yo^ 
would in a regular classroom sphool except that you will do it a* yoi/r own cface in j 
the'convenience of your own home. 



" 9 ' % 

The Study Guide has beenjJeveloped by professional educators to help you 
leirn^more efficiently and feffectiveLy.The Study Guide is designed to prdvjde you 
with immediate confirmation or correction of your"understanding*oMhe subject 
> matter. 4 * . ' : • N ? < 
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HovfeDoes The Instructional System. Work? f / 

The twj^fcrSftks are designed to s§rve as % a '^©granTmed' 1 ' instructional system : 
which will proVideyou with immediate feedback about Vour success in understan- . 
ding amcUor applying the learned InformatioEt The Study Guide assumes the roleof* 
a M substhut^ M TeaEFiec fof the home study student. Thus^it provides* you with thej 
y necessary^uidance aijd'directionjo help clarify, apply, understand, s and reinforce 
youMearning.-activiti£S. ^ . > ' ^ ' 

. 3 Yhere ace review tests apd unit,ex&mrnations, structured 30 thaUtiey ^ssist. you 
in reviewing the jhaterial just studied and in integrating new information v&ith that 
lekjned in previous lessons, the unit^examinations will also aerve as* a diagnostic 

«md evaluative tQol foryout instructor.- 

. ' The main purpQse of (he review Uests and unit examinations js .t6 determine 
« wFtetber you, have attained the desired goals or purposes of 'the course. Yojjwrt- " 

structpr will use the results of the unit examinations to Rrovide you withyurther in- 
c struction and remedial assislarfte whenever n^ces^tfry.- «■ »" • « 

How To Use Jhe Study Gyide / / ;V / 

A-brief introljuctic/ to each unit of study is presente^in your Study Guide. A unit • 
of study is.merely alcollection of several closely related assignments. ^ . . 

A preview of each^ssignment is als9 included in yourStudy Gui<ta~ \\ 6©ntains 
Jhe general purpose ohihe textbook section and what^you should^be ^able to do 
^f.ter^tud/irrg-frhe^ection. Generally,' a^ter reading d specific unit ptevtew/you ^iH 
tie referred to an assignment in- your textbook. • , " - w * 



progress. Review \ * ^ ~* 

f r % * 

1 After completing each'textbook" reading assignmer^; you will be as,ke*to com- 

•plete a progress Review in your Stbdx Guide. Jt is important thai Vpiyf irst attempt 
to answer the review questions with&utfne assistance of. your texfrbo ok.^ |ter you 
. complete a// of thG items, cbeqk your answers with those listed 'in.the'^Answer Key v v 

locate in the hack of*th is Study Guide. It you selected a'.wre'ng^ answer^ or if you 
• were unable to^ understands question', refer/ tfack ^ the rext'boalf. Re-read tfiis ^ 
page and stM&y the information until you uncrffesland why the cinsweTlisted in your* 
Study Guide '\s the best response -or solution to fhfc*cLu^stion. DO NOT RETURN* 
. THIS ASSIGNMENT ?OR'GflADrNG v . , >: '\ <v v . • 

If,. after following the^e-steps, yo v u still *are unable to understand a question c*r 
find the appropriate solution to a problem, complete onedf the StudenfA-sshstarice 
Tf^rm^ provided in your course package afjd mail it to the Manager of Student Ser- 
ies. Please, BE CERTAIN TO ; PROVIDE AL[_ OF THE IM FORMft TIO NfR E^QJJ IR ED * 
*ON THE FORM, so that ygfcmay be given appropriate assistances * ^ • r 

^ . » . . ^ 5 ^ 



Unit Examination ■ .', . ' v • ' * 

4.- After* ydii>hay*e satisfactorily £jnpletfed severer. Progress Reviews' anoHtfre 
• necessary Vsadirtg and review, of the text material, you.'will be asked to Complete*' 
• Unit Examination The ansv^rilte the efa'm iba'flon.s.aremtf iricludedWyour Study; 
- G.uide. Also, «yc^ |hould/7orrefer to your textbook to find the answers to v questiofls 
.•.;,ln4he Un/t Bxaminatfqn. ftembpjpe'r, these tests are part of your^structteaal^rp- " 
g^am. They, are ^esigne'd/tb provide your instructor wftrj sorqe information 7 regar-'- 
, ding yojjr progress. This means $1 evaluation, vp assist y&ur teafchef. in provjflirw , 
,. -additiooat instruction an^.assistafice to hejp-'lmpfpye yoursedutatronai.*grow4h * 
jYour'uriit^examination pap\r MUST ffE.FtEtUFNEp for're^ew fcjHyour instru'ctor " 

' Your Study Schedule- '* . ^ '''>X:' '* ; V - . 
» '.. ^Wcourse. is dfvjded:.inW> four unlfe'^ofis'tuoV, As a rule # thumV you should "?.«-, 
, ^vote approximately three vyeek&.toeach Orrit, therefore, on jhe^v^Oge, a 
•dent should be able to.compfete this course in about twelve weeks. ftoweyer'.'some' 
students may compjete the,pou^'e In t^ss timfejand aTew studehts 'may need more' • 
. time because of^ftu^alwork schedules or perspna.i.reSp.O.KsibiUties. This is one ' 
oU^ereal advantag^,o. ; t^,ome s\gdy^-THE STUBENT CAN SET W&0WN WORK" • 

page. " . ■ ■ .;0m- : ■ > .• '•/••. v v%>;?v : ; ^ ■ ■ 
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preview of Unit one 

The first unit of th^course consists of the first two lesson of the textbook. 
Lesson One, Solar Hearting and Cooling, explains the basic concepts, system com- 

1 ponents, system typesland economic considerations involved-with Solar Energy. 
As you progres? .thrpujh this lesson, ybu will be introduced to the major com- 
ponents which cbmprise a system together with different types of systems. You 
will develop a senstfof ttie advantages and disadvantages of these types of sys-. 

'jems as they apply to various applications. Because of their newness, it is also im- 
portant^ that you gain ;an awareness of the economic implications involved with 

^so.lar systems: thgir initial cost and their possible long term eionomic payback. A 

, final considerationJn^his iTitroduQtory. lesson concerns GlimatoloQical considera- 
tions, 'a to^ic of irrportance to you since the climate for a given area.has a direct 

•etfact orr the. cost of the system. \' ' - v 

Lesson Tt^rjSolar. Radiation, \s written to increase your knowledge of the 
energ^ source, you p I aicw to .utilize: the nature of solar radiation gr\d the composition 
of solar rays! Since, as one would expect, different people measure the same item 
.in different -ways (arrd' th,i t s,area of study is- no exception). TheSe differences of 
!; measure VtilT be explained together with techniques to convert the measures into a 
'known standard.- This ability to understand measures. of radiation will help you 
determine and comprehend just how much solar energy can be expected to reach 
<apiijiven spot.on earth) over a given period of time. Once these data are covered, you. 
will learn how radiatipn varies in its concentration as seasons pass and weather 
conditions change. How to take optimum advantage of the radiation received is 
— then discussed. . . 

The importance of these first two lessons lies in your ability to understand the 
'impact of ko\<&j&a&Qy at this historjc^l point in ti t me together with the equipment 
aR,d technology thaHs-rfvailable to utilize'it Late^lessons Ovill cover much of these 
data in greater detail. Mastery of this portion, of the course will enable you tp pro- 
gress through later lessons with greater assurance. 

Asi^ you continue through -thife course, keep in mind that the purpose of the. 
lessons is to provide you with knowledge so you can develop an understanding 
about solar heating systems. Therefore, do not just study to pass the 
course.— study to become a competent representative of the heating and cooling 
industry. ' + 



LESSON O^E 

Learning Objectives / 

Lesson One, Solar Heating and Cooling,. explains* the ; basic concepts, structure 
and economic considerations involved with solar heating and cooling. The lesson 
is designed to b#a comprehensive introduction which.wilj permit an overafl under- 
standing, together^ with s6me insight, to the economic implications involved with 
these systems. , i 

v • . . - :<:• ,, ; v , 

To .fully and Effect ively^complete this overview,. -you shouldY.Uy to achieve the 
following goals: .«•■-.. • . t ' ' • 

r>Name the.major components of a. sofar heating and solar ; cooWf 'system. 

2. Distinguish the differences. between air and liquid, systems., '• '/^ 

3. Identify the differences wrthin the component_groups. 

'• - ' " . '•• • 

4. -Describe what types of systems have practical value as opposed to systems 
upder development with possible future promise. 

5. Explain the difference between active and passive solar heating. 

- 6. Describe the basic, expectations of performance of different types of 
systems. 

7. Recognize the advantages and disadvantages of the various types of com- 
ponents within a system. 

*. 

8. Identify and describe the economic implications of solar heating and solar 
cooling. ; * 

9. List all theHtems involved in costing a system. 

10. Name the climatologicai characteristics which are involved in sizing a solar 
heating/solar cooling system. 

11. Explain how the availability, and cost of conventional fuels will impact on 
solar heating/solar cooling. : 

GO TO YOUR TEXTBOOK STUDY LESSON 1~1 



LESSON ONE 

< - 

Progress Review 

» 

Study Lesion Dne in your textbook before you attempt to complete this review 

— - . • 

Please indicate Whether the following statements are true or false by drawing a cir- 
cle around T (to indicate TRUE) or F (to indicate. FALSE). 

T ^ F j 1. A solar heating and/or cooling system is any system which utilizes 
i soter energy as source of heat. 



*T F * 2. A passive system usiially has no mbvihg parts and is not the majoi 
concern of the people taking this course. *, 



T, F 



3. A concentrating solar collector best utilizes diffus^ solar radiation 



T F 4. The insulation beneath the absorber plate helps produce a quieter 
operating solar collector. 

T F 5. Like flat plate collectors, concentrating collectors can operate in arn 
weather conditions so long as minimal light conditions exist. 



T F 6. An R-10 insulation rating is more than adequate for the surfaces of 
quid thermal storage units. 



T F 7. Insulation materi^on the bottom of a 6^ water storage tank mu 
withstand a compression weight of 280 pounds per square foot. 



5t 



T F 8. Packing and/or side wall stress is not a problem in a pebble-bed hept 
storquid solar system. 

T F 9. A good quality steel tank will not be subject to any problems durir 
the life of the system. 

; : s 9 

^ 1 Q 



10. While a solar air systerr -Squires lower capital costs, m^re electric 
energy .is required durin: ts I if q to move, thereat from the collector 
to^storage to use as cor lared to a liquid solar system. 

11: Liquid solar systems- have a long history of working well and the 
critical cost is fow. _ f 



12. A heat pump could be.considered as an auxiliary heat supply in sbme 
areas of the country. ' • ■ * . - 

13. Of the absorption refggerat'ion currently in use, the Lithium-Bromid§ 
chillers appear to hold the most promise. / «* 



14. Through the use of a Solar-Rankine-Cycle Engine, a device such as a 
heat pump could become a solar related device even In its cooling 
cycle. y • <- 



15. The cost of conventional energy (gas, oil, etc.) should level off within 
; the next five years. A 



16. The amount of solar radiation available during the heating season is 
a major economic consideration for a solar heatiog system. 

17. Currently, electricity is. the best fuel to buy in term* of cost per 
million Btu's throughout the country. 



18. Property taxation rate and loan interest rate are just two of the items 
which must be considered when costing a solar heating. system. 

19. Except for minor differences, cities alone the same latitude have 
equal solar. Btu's available to them. 

20. Snow is not as. much of a consideration when planning a solar 
energy system for Flagstaff, Arizona as for Boston, Massachusetts. 

10 v < 



Fill in the blanks with the word (or word?f, * hich most accurately completes the 
thought. . \, \ . ' J j 

*21. The two basic types of sojar energy sy.-itms are called active and, Li-— ' . 



22. A roof monitor, Vsou.th-facing ^/itidov. , and a 
amples of passive, sofar collectors. 

23. The two b^sjc types of solar coflector^are 

*24. The absorber plate is dually- ) ^ 
: v*. the sol^r radiation. 



25. Solar collectors tend to lose heat through 

, * : y- an o d/or ; _L_ * - 

- /<• * «* ■ 

/ . ^ J ^ - 

26. The layer of still air between' the glasfe and the absorber/ acts to reduce 



^loss: 



27. Because of their size, air thermal storage units are normally placed into the 
building construction. r ^ '/ 



28. Round pebbles J 'to *.in size^are ideal for a pebble-bed heat 

storage unit. 



£9. If a horizontal pebble-bed heat storage unit isused, the height of the unit must 
* not exceed — - 

30. Water hedt storage units are subjec4 to especially at the 



, 11 

is 



31, Two typ6so>f auxiliary electric* heat in solar heating" systems are 

' \ or j '< * ' j or both, ^ 



32. For capling residential buildings sol^r energy, is 6nly directly useful 



in 



r y methods. 



33. In terms of reajistic Jeceyiomics, only the 



, to be practical for solar cooling, at least Into the early t 19&)"s 



system appears 



\ 



34. A tea*- parnp is ^ mechanical vapor-compression system consisting of a 

- ' , . 1 : ~\ ; and an 1 



35r A*prototype solar heating system, using^|rcul.^Hog air, has been operational 

v y since 1957 with major prbbLems and essentially no " 

costs. . 



\ 



36. Solar^heating should provide 



quirements to be praetf?af and economical 



percent of the annual heating re- 



^ 37. Considerations \ha\ may influenc^ users toward solar heating are: 

1. Incorporation of systems into • • 

2. First costs versus ; • ' *> • ; 

3. # Ease of ._ ; and _ . V. ' 

. *4. ' 



and reliability. 



12 
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v In the following multiple choice qu#sti'onSj choose the phrase which most correct- 
•<y completes the statement and circle- the, corresponding' letter in -front of the 
phrase. ' - • ' •" . 

h • . » ' <■ 

38. Which it§rj^ is A/07 a component of an all-air stftar heating/solar goolihg 
. System? s . _ p 

auxiliary lurnaee. ' v v t y ' • 

» heatmg/co,ofjrKg distribution systeno. . T / 

solar nnllpntnr I' r 



d. t boiler ^ A ~ . 

e. .coolmg^unit, ">« 

f thormaKefnrano unit V" ^» 



.f.^ thermaPstorage unit.^ N • rt . * < ^ 

39. Of the cooling # systems listed b<^qw^ndicate which is'Currently. available for \ 
residential solar cooling. * \ ■ > v t . V 



* a. , Evapor&fjve.Co£|irftg Through Rock Bed; * V. J "" '* ( ; 

b. MunteT.'s Environmental Conjrol - ' / > 

' ~ c. Thiethylerie Glycol Opgn Cyfcle Disceccant System \ 

d.. "Radiative Cooking - . , 

40. Based on trfe factors presented in this ui4it f it is essential that solar- 
heating/solar cooling systems provide the u*fer with!' 

r comfort and safety. . * 

maximum return for dollar invested. ■ -'o 

a good looking pxtdlior to the building, 
d.^ snob Appeal, ' / 

■'. •' Y ■ v • ' ■ i ■ ' . ; • 

Compare yqur answpfe with those gjven in th6 answer key in the back of this Study 
Guide. If you hav&/6ny questiorTn-e^ardinn the correct response to a review item, 



Gw/de. If you hav£/any questiofp^re^ardinn the correct respons 
refer to yourjtetftbook for clarification. (^ee^Study Hint No. 9f) 

' _ : ; N v c - : ■ 

DO NOT RETURN THIS REVIEW QUIZ FOR GRADING 



8TT 



ev 



LESSON TV^O 3 

Learning Objectives •>.'•' 

Lesson II • ar Radiation, explains'what this course is a^thabout^thiafuse Qf r 
solar energ .nich-reacfces earth for heating and coolirtgHn \b\% lesson, you wi«^ 
discover the *ay energy given oif by^tjia.suh is altered Jt>efoqprit reachepjha garth" 
c -and how the energy that does reach tfie earth can bejbest utilized. Thus^ your o 
, jective will Cio to recognize the factors which affect the availability of solar radi 
tion I at*the^arth'S sifrface. - k -? ^ 

To.fiTlly and effectively complete this lesson, you'should try to afchi&e#* m 
folljiwincrgoals: w » j 4 f ^ * * / 1 

\. Recognize those conditio|is— for exanrfphe^cfoudi, dust, arrd other at- 
hripspbeVic pollutants; # sh^difJg from trees sJ^\ti\n£s\4fiF\ti collector orienta- 
; tioh and^tllt— ^hioh affeirt solar energy reaching/he c'oHlectc^t. " \ 

2. Describe the difference between direct and diffuse /adiation. ■ON-' \ 

3. ..ReCpgnizelhe ^ious units- of measure used to 1 report solar radiation. \ 

4. Convert solar ijSiation from one unit of measure to another using standard 

> cov y " -on factors., - • . > ,\ 

5. Det* rtn^ - e.a.m^ynt of solar radiation available for'a given period c~ time) 

( ? 

6. Des- oe the effecf of seasonal variations. 

7. , Recognize the .importance of hourly variations. 

8. Learn and rocate sources'of soJardata. ■ x . 
. 9/ Select the- data needea for planning a solar system* 

/ - /" v ■ ' 

10.- Blend the inrormatior learned in, lessons I and II into a singlular unit of„ 
Knowledge. 



Gd TO YOUP TEXTBOOK STUDY LESSON TV?b 
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l 3 . LESSON TW^ ; /y ^ 

V -v * ^ogresfs Review. ; J ^ 

Study Lesson Two in your textbook bef6re w you attempt to com: ete this review* • 

l |Please indicate whetne/ the following sptements are true of false oy»d rawing a cir 
^cle arcn^d, T (h^dira\e^TBJL!5) or^Fjto. indicate FALS.E) ; \ 

T F, I.The sur*s energy ^n b'e-ednverted Vom ^ectfemagnetic wave^tT 
^ heat. 

> ■ / 

T " v F 2> The sun4s approximately*^ million\miles from earth* ' . ' - 

F ^ 3., 1 he 'earth's inhabitants are not all that interestesHn soiar energy. ' 

" 4 • • - \ * ■ V ; 

•T F . 4. Infrared radiation wavSs arSjong. . * ^ 

. y ^ ■ , , ; k \ 

5. -The suh^roduces the greatest amount of energy in'the visible range. ■ 

F 6. A solar collector absorbs radiation from two of the three radiation : 
regions of interest to this course. v^A 

. F 7. The' upper atmosphere, clouds and dusVall fcontribute to scattering 
solar radiation. ' 

• " . •': "T) 

F 8. Sol^r energy on a horizontal surface will show month to morvh varia- 
tions t* / 

> early morning. ) 

/ ^ 

F 10; The exposure of solar energy on — r tical- surfaces is the same as thW 
exposure on horizontal surfaces . * 

F 11. Of greatest use is knoWtn~ the & oectetf monthly radiation on a sur- 
face during the period of ne heating season. 



T 
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AFiTlln the blanks wrth the;word (or words) whSch mosfafccurately completes :he 
thogght.sX - 



. ' 12.*lt is to^e sunlighU\ha^wSsjeceived in pas^ges thafvtftypwe the 

V our • ' !lLT fuels. 1 * f 



'. . Hi', 

,13. Thej. three types of 



. ... ■ ^ 



♦ 

existence of . 



ee types of a sola$ rays yvhtaJp^re of ^interest to ttyrs course are 

A V - n ^ » ^ 



: , and 



'14. The abbreviation of British Thermal Units peubsq u are foot ^_ 



"i5.«Tb cbnv^Langle^ ihtp Btu/Tt 2 ^kltiply by ^ ' 

16. UV is th6 abbreviation for 



tior^Tpr 



17. Infrarfed is abbreviated . * 



18. Materials -witrf a temperature below S00°F emit only 



radiation. 

) ' . .jp" .: "> ; . ; *- . ' " 

19. In the winter, the sun is _^ - in the sky than i the summer, arc! - ? 

resultant angfe • - ' , the amount of "adiation intercepted on a flat s. - 

face. v . " 

20. The amount of energy intercepted by a ^horizontal surtace. is nucn * 
. as the.angle (heignt) cf the sur increases. 

* . * " 

21. Generally speaking, the angle of the sun aoove the onzon at noon is tjoui 

: in the wintef ^nd -. ;n the surner for latitudes near 

40°N. * _ 

16 

r • 1 V 



*22. The greatest intensity- of solar radiatiorU^ccars *dur|ng the * 1 
- : hours. « * s \S ; 'b>? ' ■ ■ " 

23. Noqtfi wall exposure tcvdirect solar radiation fs notlmportant to people-living id 
the^ , hemisphere ' »* * 

. / '«■ • • ' jV' ^ '•».•;• • * - 

24 v In the northern hemisphere, the solar collector is aim€q 



' ,25. As y general rule, a spj^a/ collector u&d for heating^pnly shouldftta-Ve a^Vilt 
- equal to the _1_ -1. plus-1 degrees.' [ 



Merited ' - \ easr or wefet of due south 



A-.aolar cbfleotor cag\bg orientec/ ' ^ * e^st i 
without any serious*effe6t on its collecting ability ■ ^ v 

c 27, Arscflar collector oriented 15 d^'re.es to the east of due south will* 



7s 

the time of peak collection bv ■ - , " hnnr '. ~ ■ 



In the following multiple choice questions, choose tbe phrase which most correctly 
completes the statement and circle the corr^spondingjetfer ir^front of the phrase. 

28. The earth offers the sun what quality of target to absoFb its radiation? 

*^ a. very good 
b: Average 

c. - Very small 

d. . None of the above ' 
\ ■ ; 

29. If the,amount of solar radiation. received by^the earth were reduced, 



a. nothing\would happen. , 

b. the eartHi would freeze. 4 ■ ^ 

c. the earth would boil. . 5 V 



"24 



30. ^fe surface temperature of the sun i^apprQx-imat^l^.* -*r 

a. . 5,000^. - j ' . *V J « . ■ ■ '-V - . 

b. 10.000°F ** \. ' t * ^ 

c. 15f060°F. ' \ - " ' ' a ' "/*."■ 

d. 20,000° a ' . . ' > ■ r ? ? * - - . 

31/ Langley/min*is the "abbreviation for ( 



a. calorics per square centimeter 



b. the 47 , second~minute named aft£r Carl Lafogley. \ . \ V 

\ c. calories per Square Centimeter per minutp. • - — * ^ ^; * 

*5x d. ~both a and c. f V . , .«» • - - 

•32.» Tha-^oter constant is^equal to * ^ ^ 0 

V a. 1.9^ Langley's/min. * V ' ^ V . 

' 428.7 Btu/(ft* hj^ " / / > 9 \ ' \ , > 

/C. bothlfe and b ) '* % 11 - - 

d. x none of the above * ■ * 9 . » ** 

V<5> . ••• v • -•: \ .. - 

. 33. Wtienisometfne says that an £ir conditioner is rated at one ton, they>nean 

a. tl\eun|t_v^ill produce the same Btu's of cooling as melting one ton of 
. ice in one day. 

b. the air conditioner weighs one torr. 

c. .the unit will cool one .ton of anytfiing for a'day. 

34/ To t i Lt the solar collector so that it is perpendicular to the sun's rays is 



a. advantageous. " . 

b. expensive. * ' "^ r * 

c. ' a waste of time. ' • ; f 
d> all of the above. . 

Compare your answers Vith those # given in the answer. key in the back of this 
Study Guide. If you have any. question regarding the correct response to a review 
item, refer to your textbook for clarification. (See Study Hint No. 9.) 



DO NOT RETURN THIS REVIEW QUIZ FOR GRADING 
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Please ipdicate»whethfer the fQllpvtffng statements ar^true or^'l^jB by drawing a 
.circle arotjnd T(tp indicate TRUE) or F/to indicate FALSE), . ' . - 



1. The' two basic types of solar energy systemsare called acti\te.and 
passive. > , v ^ 



T 
T 



F 
F 



2. The two basic types ot solar collectors heat metaKor liquid. 



3. The absorbe 
the difuse so 



r platens* usually silver in color which aids in reffgjeting 
Dlar radiation. / 



4. Solar collectors tend to lose heat thrtwgh leaks, a high R factor] and 
convection.; ' / 

5 ; Because of their size, air theh^al storage units are normaliyplaced 
v into the building after Construction. 

6. For cooling residential buildings, solar eneigy is only directly useful 
in cooling melhods using refrigeration cycles. 

* .*& \ 

7. A prototype solar heating system, using cirb^lating air, has been 
operated since 1937 with no major problemsSwid essentially no 

' maintenance costs. 



ERIC 





T • F 8. Solar heating should provide 50-JBO percent' of ttfe annual heating re- 
• S^.V quirements to^he prafctical^and ^onomlcal. i; ' 

T F 9. It is to the sunlight (sola? energy) thsrt was received in^ne past ages 
that we owe the eki§tejpce of our at of 

T ; F 10. WnSonvgrt Langleys into Btu/ft 2 , mu 

T, . F . 11. Materials with a temperature belovt/ 800°F^elTTtt-offly fnfrare^l radia- 
tion. '■- * 
* * 1 * ' . ' % ; 

T T 12. Radiation is terfned direct radiation if?rfr has hot been scattered by ' ^ 
■v.— clouds and. d^jst and diffuse ff it has. ' . 

■ . t , ■ , * ; . ■•■ • : - 

T R- '13. The sun's position in pur sky varies because, as the earth'follpws its i"' J 
: * orbit, the tilt of theearth's axis changes o^rrelationship with the sun. 

X F ' '14, The greyest intensity of solar radiation occurs during the e^rJymorn- . 
4ng hours when the air i&cleajT^r. ^ ■„ . ■ 

f F. 15. Asa gejieral rule, a soLar collector used forheating only shouW have a 

. ' tilt equal x to fifteen degrees plus latit,ude^ 
V ' . 
T F 16! The optimum tilt of a collector occurs when the ^ogle of the collector / 

. is always the same as the incoming radiation. 

»• ■ Fill in the btapk(s) with the word- (or words) which most accurately completes the . - \ 
thought. y • . ' - ; - \ - J 

17. A passjye system usualjy has » * moving parts and ts not the 

. V - of the pejopl^akinq this course. ' * 



18. A concentrating solar collector best utilizes solar radiation. 



5 



1§. A chief disadvantage to the use of concentrating cpll^ftors involve the ex 
. . pense riepessary to • on the ^ ^throughout the day. 



20 
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20. While a solar air system requires capital costs, 

energy Is required during its life to move the from thp 

collector to storage for use^than for a liquid"system. 

21. Which gives off the greatest quantity of heat: A— a gallon of water copied 

from 210° to-188°F, or B— a gallon of water cooled from 48° to 18°F? v - 

• on ■ * . * " . ■ 

22. Of the absorption refrigeration currently in use, the • - 

chillers appear to hold the most promise. ' 

«* - 

23/ Through ttie use of a solar _^ „ - ____ engine, a dvice sucti as a 

heat pump could become a solar related devicejn cooling and heating 
modes. / ■' [ 

24. It inessential that the solar heating/solar cooling system provide the max? 
imum possible returrfyor the t dollar invested based on savings over the 

*" — — » -3- and . of conventional heating systems. 

•>..*•• • 

25. Boston, Massachusetts- receives 5" ■ ■ .• precipitation per year than 
Seattle, Washington. * J 

26. Thejstorage of inexpensive ?L fuels make it imperative to design ef- 
ficient solar heating systems. / ■ 

. . i • > . ■ 

27. Beside radiant (solar) energy, three other forms of energy usetuUo-people^ref 

— ' r \ , , ! , and . 

28. The electromagnetic spectrum of the sun's rays -depicts dif- 

. ferent typQs of radiatiop, but in this course only 

and , ar6 of interest. 

•21 
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29. _ Th6 instrument used tameasure solar energy is called a 

30. British Thermal Units per square foot 'is expressed in abbreviated form as 



31. To convert Langleys into British Thermal Units per square foot, multiply 
Langleys by * . * * 

32: UV means _^ _ and is . wave length radiation. 



33., With the outer space value of solar energy equalling 100 percent, . 
percent is ttie normal maximum reaching the earth. 



. . ' • i 

.34.: The cooling capacity of one ton of ice is Btu/h. 

35. - energy would be intercepted if the collector wer'e to track the 

sun across the sky. - ■ 

36. The generally accepted tilt of a heating only collector is latitude plus 
- degrees.- 



37. Maximum solar intensity occurs at noon when the sun. is due , ; in 

* this hemisphere. ^ 

38. Atmosphere, vegetation, and physical barriers cai/se the potentially useful 

solar energy to from location to location, month to month, day to 

day, and hour to hour. , 4 . ■ 

In the following multiple choice questions, choose. the phrase which most cor- 
rectly completes the statement and circle the corresponding letter in front of the 
phrase. i 

> - . 22 K 
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39. The surface temperature of the sun ts approximately. 



a. 5000° F. . 

b. 10,000° F. • 
H c. 15,000°F. 

d. 30,000°F. 



40. Larigley/min is the abbreviation for 

a. calories per squaYe centimeter, 

b. calories per sqi/Sre centimeter per minute. 

c. calories per cubk; centimeter per. Larigley minute. 

41. The solar constant is equal to . ' 

a. 1.940 Langley's/min. 

b. 428.7 Btu7(ft2 h). 

c. all of the above. • - 

d. none of the above. s 

42. Which item is not a component of an all-air soJar heating/splar cooling system 

a. Auxiliary furnace 

b. Heating/coolirtg distribution System 

c. Solar collector ' 

d. Boiler . ' 

e. Cooling unit ' ' 

f. Thermal storage unit . . 

43. Based on the factors presented in fhis unit, it is essential that sola 
heating/solar cooling systems provide the user with . J 



a., comfort and safety. 

*b* maximum return for dollar invested. 

c. a good looking urfifr. V 

d. snob appeal. " Jfc 



Be sure your name and address 
is on your exanr before mailing! 
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PREVIEW OF UNIT TWO 

Unit One identified the active solar heating system, and its components, and 
some of the economic problems related to installing such a system to. heat a 
building. Factors related to solar radiation by direct or diffuse sunlight were con- 
sidered, as was the heat load demand for understanding the function and place- 
ment of components! 

' Unit Two provides the learner with the nomenclature of solar heating. Many of 
the products used and the procedures employed are common knowledge to people 
who understand the electrical, plumbing, and fluid (air or water) handling systems 
of traditional heating practices. However, there are some components that are uni- 
que to solar assisted Seating and they will be explained in considerable detail. 
Keep in mind that solar radiation cannot replace 100% of the annual heat demand, 
although it may become the primary heat source with traditional heating equip- 
ment having an auxiliary function to'perform. 

The collector, which comes in contact with solar radiation, is the topic for 
Lesson Three. Explanations are given of. (1) various type of collectors, (2) how col- 
lectors are designed and manufactured, and (3) how collectors transfer the-solar 
radiation into hot air or liquid. - * 

Then, in Lesson Four, the methods of storing heat for use during the night or 
periods of low insolation, are discussed. Some advantages' and disadvantages of 
alternative systems are^explained. An introduction to the problems of designing an 
adequately sized system (to be studied in greater depth in Lesson Six) is provided. 

Lesson Rve presents the various control devices and specialty items that are- 
needed to assemble the heating system. Air systems use blowers artti dampers, 
while liquid systems utilise centfifugal pumps and valves to move heat throughout 
the. system.' Some of the* parts are electrically operated which allows the heating 
system to operate automatically. Other components (specialty items) are manually 

controlled aroused to either balance or -maintain the system. 

• . * ■ * • ■ ■ - >■.■ . . 

, Leaqajng the names and functions of these* conlpoherits w will!*be\'^elpful when 
Studying the sizing proc^dure^nd op^nation of s 



LESSON THREE 

Learning Objectives 



v 



Lesson Three is a study of the solar collector, commonly referred to as the 
"heart" of the solar assisted heating system. Regardless of the fluid (air or liquid) 
which will be moved through the collector, the functions are the same; namely jo 
collect solar radiation and convert it to he&t ejiergy.This lesson deals with the con- 
cepts of the function and design, b t ut not specifications, that a manufacjufer 
would use for a given collector. Therefore,-after studying this lesson, you should 
be able to: 

1. ExplairVthe differences between flat plate and concentrating collectors. 

2. Identify the difference's in how air and liquid collectors are designed. 

• v. ■ ' 

3. Describe the operating principles.of various components in the collector. 

4. Recognize different absorber plate designs and method of manufacture. 



GO TO YOUR TEXTBOOK STUDY LESSON THREE 
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LESSON THREE 

Progress Review \y 

Study Lesson Three in your textbook before you attempt to complete this review. 
Pleaselndicate whether the following statements are true or false by drawing a cir- 
cle around T (to indicate TRUE) or F (to indicate FALSE). , . ... ■*/ 

T F 1. Concentrating coljectors "funnel" the heat to the absorber. 

T. F 2. Concentrating collectors pivot' during the d&y. 

T • F 3. Flat plate^collectors can be placced on any side pf the roof. 

T F 4. Diffuse radiation is unimportant to solarVieating. 

T F 5. Flat plate collectors aretnore popular than concentrating collectors. 

T F -6. Flat oiate collectors are mast efficient at noon. M 

T F 7. Heat energy is the result of solar insolation. 



T F 



8. Most radiation that strikes the cover is absorbed by the glass. 



T \ F 9. "Long wave conversion" reduces reradiation, losses through glass 
covers ' 1 



T F 10. Plastic is a better material than glass for cover^plates. 

T F 11. The average annual outdoor temperature may determine the number 
of cover plates needed on a collector: 

T. . F 12. Any kind of glass is as^jbod as another for cover plates. ♦ 

T, F 13; Most efficient collectors have a vacuum between plates. 

T F 14. Black paint js not applied to aluminum absorber surfaces. 

T vF 15, Absorber pfates have absorptivities of 60% or less. 

T F 16. Liquid collectors are larger than air collectors because of the space 
needqd for piping. ' ' * 

■ ■ ■ ■ vsa . ^ J ^ 



T 
T 
T 



F 



T 
T 

"J 
T 

T 
t 
T 
T 



■F 1 
F 
F 
F 



17. Fluid travels upward in all types of liquid collectors. 

18. A 30 psi system is classified as a low pressure system. 

• ' .) • . * 

19. Fluid tubes are always attached to the top surface of the absorber 
plate. 

20. Antifreeze can be used in liquid solar collectors as in automobile 
V radiators to avoid freeze up. 

* 

21. Electrolysis is more apt to occur in an air system. 

22. Polyurethane foam is the onlyipsulating material for collectors. 

23. Since wood rots, collector frames should be made only of metal.- 

24. Ai/^through a collector array travels from the top of the roof toward 
the eave. 



F Collectors do not need to be attached flat against the roof, 

F -126. Outdoor temperature can affect collector efficiency. ^ 
F B7. A high temperature atthe collector inlet'will reduce collector efficiency. 
F >8. Data for collecctor efficiency are collected at or near noon. 
Fill ia tin e blanks^with the word (or words) which most accurately completes the 



thought 
29/ Tfoot 



asic types of collectors are 



and 



30. The two transfer systems contain 



and 



31. The parts of a solar collector are: 

" ' 1*. ' ■ ■ ■ 

: 

2. 

3. : 



4 

5 



T 

28 



In the following multiple choice questions, choose the phrase which most cor- 
rectly completes the statement and circle the corresponding letter in front of the 
phrase. ' * 



32. Liquid flow rates through collectors are established near which number of 
gallons per^Tninute? 

a. .01 gpm/aq ft \- 

b. .02 §prrf7sq ft 

c. .003 gpm/sq ft \- 1 

d. .004-gpm/sq ft 9 $ 

33. Flow rates through air collectors are established near which number of cubic 
feet per minute. " u 

a. 12^cfm/sq ft ^ 

b. 9 cfm/sq ft 
a* 6 cfm/sq ft 
d. 3-cfm/sq ft 



34. The average, absorber plate temperature i^Jypically. • 

.^a. 100° F. " 

b. 150°F^ 

c. 200° F. / ' ' ' * 
' d. 250°F. 

-35. Hegt energy that is visible is above « 

a. 200°F. 

b. 500° F. , * 

c. 800 °F. ' , 

d. 1000°F. , ■ \ ■ ■ "7j" ^ 

36. The "blackboe(y" refers to the 

•a. collector frame, 

b. absorber plate. 

, ■ c. insulation. 

T d. none of the above. 



37. The main disadvantage of plastte covers is ff>6r % . 



a. heat transmission. 

b. sheej stability. ' 

c. sealing qualities. . 

d. light transmission. 

38. Various manufacturers of air system collectors use 
increase conductivity. 

a. InSulation " . • 

b. Slow speed blowers 

c. Polished ducLwork 

d. ' Fins - & 



to 



39. Sketch' the ftjbe patterns in the rectangle representing three collector 
* designs. 









f 






t s 


' r 


A 

1 ■ 









Serpentine 



Grid, direct 



Grid, reverse 



Compare yoifr answers rfith those given^in the answer key jn"fhe back of this 
Study Guide. If you have any question regarding the correct rejsponjsje to a review 
item, refer to your textbook for clarification. (See Study Hint^No. 9.). ' 



DO NOT^RETURN THIS REVIEW QUIZ FOR GRADING 



LESSON FOUR 

. Learning Objectives. # 

Wesson Four ip a study of the heat storage unit of a solar assisted heating sys- 
tem. Regardless! of the fluid (air or liquid) which will be used as the heat transfer 
medium, the functions are the same; to store heat for circulation at night or during 
times of low solar insolation. This lesson deals with the concepts jDf the. function 
and design but not specifications that a manufacturer or contractor wyould use for 
a^given heat storage unit. Therefore, after studying this lesson, you should befeble 
to: * ■ 

1. Identify what maieriaris used for heat transfer mediums. 

2. Explain the concepts of sizing a heat storage unit. , * 

3. Solve problems of storage unit sizing. 

4. Discuss where storage units can be placed. 

5. List factors that affect the advantages and disadvantages of different kiftds 
of heat storage units. ° • w ' ^ 

6. Identtfy^vantages-and disadvantages of various heat storage practices./ 

7J? Descrittothe.materials used in manufacture and if\ installation practices for 
heat storage units. 



r 



GO TO YOUR TEXTBOOK STUDY LESSON FOUR 



LESSON FOtiR 

Progress Review 

Study Lesson Four in your textbook before you attempt to complete this review. 
Ple^sp indicate whether the following statements are true or false by drawinga cir- 

_ cite around T (to indicate TRUE) or F (to indicate FALSE). 

\r / ' ? *■ ^ '■ 

T v^R"^ 1. All substances can absorb or give off heeft. 

) T F 2. There is approximately six^hours difference between typical winter 
and summer solar exposure. 

t 

T ' F 3. Rock requires less storage space because it is harder. 

T • F 4. Water ^and air are the only substances used for heat storage. 

T F 5. To retain a comparable amount of heat'energy, wax requires a larger 
heat storage tarik*than water. 

f- • ■ - 7. 

T F 6. Phase change storage systems are not presently used as much as 
sensible heat storage systems. * "* 

■ * « 

T F 7. The best place to locate a heat storage unit is outside the Building 
vf. because it woutsL^ot take up living space. 

T F 8. An attic* is an ideallo««tion for a heat storage unit. 0 ' 

T F 9. The only problem wifh placing a storage unit above ground and out- 
side is its poor appearance. 

T F 10. A storage unit can be "too large" for a given system. < 

T F 11. To warm a space evenly requires a heat storage unit. . ^ 

F. : 12.. A reasonabfe Capacity for a liquid storage tank is up to two gallons of * 
water per square foot of collector surface. - ' 

F 13. Heat storage system sizes are calculated according^o the coldest 
, t possible temperature in a given locality. 

F 14. One way to account for heat from internal^ources when calculating" 
daHy heat demand is to lower the estimate inside temperature 5°F. 

*32 ' ' . i * 
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T . F 15. A heat storage tfnit should be adequate for an overnight .supply of 
■ . energy. . - | 

T F - 16. A'heat'stofage/eollector/systern cannot be economically sized to 
" " . supply. a 100% annual heat load/ 

T F 17*. The liquid storage tank must be heavily insulated. 

T F 18.^ Watertight connections are easy to make for concrete tanks. < 

T F 19. Almost any fiberglass tank will be satisfactory to store heated water. 

T F 20. Several small tanks may be as practical as one large tank for liquid 
storage. , 4 ' .. ■ * J f 

T F. 21. A storage unit that provides 50% A pf the hea\ demand is about the*)* 
• maximum size that can be built economically. v . 

• * 
Fill in the blanks with the word (onwords) which most accurately completes the 
thought. ^ f ^ 

22. An alternative to sensible heat storage is a[ . 



23. Changing one pound of ice. to steam 'requires : Btu.'S. 

24. Attic heat storage could be used for a ; system when 

heatirtg - — ■ 

■ • t ' ~' • ' 0 

25. Sensible qeat storage systems usually use / ~ or _____ as the 
r » storage material/ ; f >- ' , ^ - * 

26. The size of the storage unit depends on the size of the •-- . ; and the 



27. It is inadvisable to use an*akjminum collector without projection because of 
corrosion t*5\m ^ * ' . ■ 1 

28. ^ The liquid storage unit that is the most expensive to install Would probably be 

made of ^ V r '~ : • 

■ V ■ . ■ , 

29. Pebbles for an air system storage emit are about §t j n diameter 



30. * Two types of^pebble beds are «* and ' 

- , / — — — — • 

' < , ; ( - . 

Ij^the following multiple choicequestions,< choose the phrase which mdsfcor- 
redly completes the statement end circle the corresponding letter in frogt of the 
phrase. M t 1 w \ 

3% The specific heat of water is 



„ "a. one' degree. . « 

b. one Btu. 

c. one Btu per pound. y 

d. one Btu per pound per degree R rise. 



32. Phase change refers tcp 



a: B|u*s of jcisola'fion. " - I 

t>. heat of fusion. * r ■ ( • 

..c loss of Btu's. "*> 

d. weather Changes. ° . 

33. A* advantaqp of phase changfe materials is that they , 

>• ,- < f s :,. ; \ . \ • ■ . I 

a. absorb more heat than water. . > • 

b. rarely need t6 be replaced. 
* c. are inexpensive. % m 

d. insulate easily. ^ . . , ' 
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34/ A "too small" storage unit 

'a. . increases collector efficiency. 

b. reduces collector efficiency. 

c. saves money in construction. 

d. wastes little or no heat. 



35. AVeasonable capacity for an air system storage unit is up to 
cJbic feer of rock per square foot of collector surface. 

a. One. , 

b. Two . ' ' v . • 
d. Ten' . 

36. ' Thermal stratification in a pebble bed means that 

a. the temperature of the bed is constat. 

b. there are Jayers of varying\emperature. 

c. hot a'rr is Vieavy. 
* d. dirt prevents heat absorbing. 

37. Three advantages of storing liquids are th^t 

A. \ 

B. - 

c. : L ■ 



38. F|v% disadvantages of»storing liquids are f.hat 

A. \ ' ' * •< — ' 

B. 

c. : 1 ' 

d. ■ " 



V 
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39., Some advantages oMfie hot air storage system are that 

A. _•_ _ 1_ * . r , .. . ' 

B. s^z * . 

• c: : V&-> " . 

• : d. : : ■ . . .-• 1 • - 

* ( 

r 

40. . Disadvantages of air. storage units are that 

♦ Cp . 

a. ' : . -_siiz , . 

B. ' . '" - 



41. Three materials commonly used to construct liquid storage units are 

• A. • / " ' ' - . 

• B. '■ ' 



(Refer to SMACNA Standard's for questions 42—44.) 

42. The lowest likely temperature, for 99% of the total winter hours in Fargo, 
North Dakota is , 



43. Cleveland, Ohio is likely to have a minimum temperature of _i dur- 
ing 97 1 /2 % of the winter hours. 



44. Thp^average winter temperature in Wilmington, North Caroli 



na is 



Compare your answers with those gi^en in the answer key in the back of this 
Study Guide. lf;you have any, question regarding the correct response to a review 
item, refer to your textbo.ok for clarification. (See Study Hint No. 9.). 



DO NOT RETURN THIS REVIEW QUIZ FOR GRADING 



LESSON FIVE 

Learning Objectives 

Lesson Five is a study of^he various; controls and specialty, items of a so^r 
assisted heating system. Blowers and dampers move and divert air in an air 
system. Centrifugal pumps and valves move and divert liquids in a liquid system. 
Many of. these controls are electrically operated and, for the most part, are made- 
up of components commonly used by electricians, plumbers, and/or sheet metal 
workers in the heating-cooling industry. Therefore, after studying this lesson, you 
should be able to: „ 

r 1. Discuss the operating principles of a centrifugal circulating pump. 

2. Discuss the operating principles of an air circulating blower. 

3. Describe how the heat exchanger functions. r \ 

, 4. Identify the various electrical control devices used in solar heating systems. 

5. Explain the functions of various hydronic specialty Items used in the control 
o of air or liquid in a solar assisted heating system! 



GO TO YOUR T 


■XTBOOK STUDY LESSON FIVE. 
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LESSON FIVE 

Progress Review 

Study Lesson Five in your textbook before you attempt to complete this review. 
Please indicate whether the following statements are true or false by drawing a cir- 
cle around T (to indicate TRUE) or F (to indicate FALSE). 

1. The word fluid as used in these lessons refers to both liquid and air. 

2. Pump sizing is not very critical to the solar heatjng system. 

3. Piping creates little or no resistance to liquid flow. 

4. Pump capacity decreases. as head pressure increases. 

5. Pump specifications cannot be established* until flow resistance is 
calculated, * 

6. Larger pumps are required in the drain-down system as compared to 
a closed loop system of comparabfe size. 

7. Pumps rated at 150 psi are recommended for collector loops. 

8. One-speed pumps are as effective as two-speed pumps. 

9. Conventional furnace blowers may be installed in solar collector 
systems using air as the fluid. 

T F 10. Static pressure is the type of air pressure measured in automobile 
l " tires.. 

T F 11. In low pressure systems, velocity pressure is most often used as a 
s design standard for moving air. 

T F . 12. A system 'tf performance cannot be predicted before it becomes 
operational. 

T " F 13. A thermostat is an actuator. h 
T F 14. A solenoid valve Is an actuator. 
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T F 
T F 



T 


F 


15. 


T 


F 


16. 


T 


F 


17. 


T 


F 


18. 


T 


F 


19*. 


T . 


F 


20. 


T 


F 


21. 


T 


F 


22. 


T 


F 


23. 
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tor (fan) circulation system. 

A differential thermostat m 
place at the same time. . 



to expand. 

Si 
c 



tistor functions because of an internal change in electrical 
resistance.^ 



voltage. 

T F 23. Collector loops must be filled manually. 



Fill in the blanks with the word (or words) which most accurately completes the 
thought. * • 

t 

24. The primary circuit connects the : to the * - _. 



25. Pump capacity is given in * . . per 



26. To .prevent freeze-ups, liquid collector loops are protected by or 



27. The most common heat exchanger used between collector and storage is 
called the and . 
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28. jhree types of pressures that app$ to air movement are 

I : and l ' ok 



29. An air system should operate at a point where the * and 

- curves intersect. 

30. The -two elements of a control system 'are the and the 



31 . The first stage of a two-stage thermostat cafts for heat from the 

or * 



32/ The second stage of a two-stage thermostat calls for heat from 



the 



% 33. * Thermistors contain a ; t , • ; element 

34. Thfe grease-like material to keep thermistors fibm losing sensitivity is called a 

35. Electrically powered valves are called valves 

36. In an air system, an el^ctricalfy pow^jred ] funciions Ijke the 

= in a liquid system. 

37. A relay is a(n) ' ^ switch. 

38. The specialty item that keeps a closed liquid system operating between 
specific pressure limits is the ' 

J_ 40 \ 



39. Valves th^t adjust flovy rates through the collector array are 

valves.* , *. .. 

40. To reduce corrosion among dissimilar metal piping and components, they are 
installed by using unions. ' 

41. A manual fill' system includes a 

A. . 

' B- ^_ . * , • , 

C. ■ . 

m 42. The fan system curve, or balance point, can be changed by 

' t A. ■ ' ( ^ ^ ■ 

B. ; - 

• C. _ 



In the following multiple Choice questions, choose the phrase which most cor- 
recf/y completes the statement and circle the corresponding letter in front of the 
phrase. ' 

43. Licfuid moving pumps operate with a 

a. reciprocating action. , 

b. syphonjng action. 

c. pulsating action. . 

d. centrifugal action. 

41 



44. One psi of pressure is equal to 



a. 0.43 feet of water. 

b. 1.00 feet of water. 

c. 2.32 feet of water. 

d. 3.00 feefof water. 



45. The valve that allows fluid movement in only one direction is a 



a. check valve. 

b. pressure relief valve. 

c. balance valve. 

d. pressure reducing valve. 



) 



46. Complete the drawing for a shell and tube heat exchanger. 

+ 




Compare your answers with those given in the answer Key in the- back of this 
Study quide. If you have any question regarding tbe correct response to a review 
item, refer to your textbook for clarification. (See S^udy Hint 9.). 
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Please indicate whether the followingbtatements are true or false by drawing a 
circle around T (to indicate*TRUE) or. F (tY indicate FALSE). 

T F 1. Although spelled differently, insulation and insolation have ihe same 
meaning. , • 

2. The lens of a concentrating collector must remain perpendicular to 
the rays of the sun. 

3. Flat plate collectors are equally efficient any time of the* da'y> 

4. Operating temperatures are the same for all types of collectors. 

5. A serpentine piping design is used in concentrating collectors. 

6. Air spaces between cover plates are sealed from $ach other. 

7. About 95% of the heat that.strikes an absorber plate passes Into it. 

8. Fluid systems refe/ to either.air or liquid being used to transfer heat. 

9. Any size blower could bemused for the differently designed air collec- 
tors. 
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10. Liquid transfer tubes may only be suspended above or below trfe^- 
sorber plate. 

qj: "Drain-down" is an alternative to using-antifreeze in collector loop. 

* \ % 
J 2. Aluminum is a'good material for collector tubing because it can be 
shaped easily. o 

13, Metal and fiberglass.may be used for collector frames. 

* • > 

14. The reason for needing . a storage unit is that solar'heat is variable 
and interruptable. '■ * ; \- 

15? The higher the specific heat of a substance the better it will perform 
to store heat energy. , : - . 

16. Water will hold about twice as-much as heat asTbck for the same 
volume. . 

17. Phase change storage can.be smaller than water storage for a given 
Btu capacity. /' 

18. W^< gives off fieat when it cools and solidifies. ' 

19. Phase change materials will never be practical. ^ 

20. A storage unit cannot be constructed that is considered "too" large. 

21. Collector efficiency will be reduced by a storage unit which is \qq 
small. 

4 

22. A solar heating system must haiy^^j^^st^age unit. 

23. When estimating maximum building heat loss, the average daily tem- 
perature is used. J 



24. Rock will hold heat longer than water. 

25. Jtocks in a storage unit must be washed periodically if not protected 
> by filters. j " 

26. Standard. fiberglass tank^have been proven very servicable even 
when liquid temperatures approach the boiling point! 
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T F ; 27. Glasslined tanks may be the fastest to deteriorate. 

T F 28. The basement is the only place that pebble storage can be placed. 

T F . 29. Blowers are placed in the circuit totake air from storage and move it 
through the collector. C 

T F 30. Pressure drop means that fluid flow is being opposed by friction. 

T F 31. A "drain down" circuit is always an open Joop system. 

T F 32. Inhibitors may be added to closed loop circuits. 

T F 33. Antifreeze or other special fluid may be added to closed loop cir- 
cuits. - 

T F 34. Air systems do not really need to be balanced. ' , ,v 

T F 35. Thermistor operation is due to the change in resistance of a 'wire- 
* wound element. *, r 

\ « ■ 

T F 36. A thermistor needs to be mounted within about 10 feet of its con- 
r troller. 



F 37. Thermistors are fairly standard in design but there are numerous 
mounting practices. 

38. Trte component in a liquid solar heating system that is-furthest from 
- the ground is a float-type air vent. 

F * 39. Fill s^ste*ns can be either manual or automatic. 



Fill in the blank(s) with the word (or words) which most accurately completes the 
thought. 

40. Two types of collectors are the \_ and 



41. Th^ alternatives to primer and black paint on an absorber plate are called 
surfaces. 



42. The most effective liquid collector is the 



43. Two popular insulating materials for collector frames arp and 



44. Flow rates for an air system will be about m to cfm per 

sq ft of collector. 



45. Flow ratds for a liqurd system will be about ■ to I gpm^ 

per sq ft of collector. 

* " c 

46. Two ways to contain beat are with the ^ . and^ 



storage systems. 

47: Selecting a storage medium involves its 



and. ^ i of the material^ 



,48. Two, disadvantages of a liquid system caused by temperature change are 
l and ' ( points . , 

49. To move fluids, . "in a liquid system perform the same function as 

! in th€t &ir system. 

50. To control fluids, ; in theffquid system perform the same functiojl 

^s in the air system. J 

«i ■ 

51. Two important pressures in. duci systems are . pressure and 

pressure. ■ ) 



52. A control .device to measure temperature in two locations is a 
controller. 

53< The first of a two stage thermostat calls for heatfrom the 

_ — and the second activates tha . 



54. The three commonly used heat sensing devices are 

- : — and . 

* * 

55. To prevent over^ressurizing in a liquid system a(n) 



tank is installed. 



56. The use of ; valves and , \ : makes component replace- 
ment convenient. - * : & ~ 

In the following miiltiple choice questions, choose the phrase which most con 
rectly completes the statement, and circle the corresponding letter in front of the 
phrase. s • j < ^ \^ 

57. Transparent covering would be less useful if they^ould not 

a. respond to the heat demand of a building. 1 
, b. be removed for cleaftfhg. 
c. change temperature rapidly. 

58. The preferred "caver plate materials is • w / 

a. acrylic plastic. , ■ 

' b. low iron glass. ' s ■;. ' 

c. high silica glass. - ' 

d. not listed abo^. „ •,.*.*• 

59. Collectors installed in Minnesota and Louisiana wotJld . * - " ■ 



a. be the same- 

b. differ in mounted height. 

c. have the same tilt angle* 

d. require more covers in Minnesota. 



60. A "blackbocfy" refers to the 



a. absorber plate. 

b. ; collector frame. * ' , 

c< black rubber cover gaskets, 

rj hPAt transf*r..ny8tem. 
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61. Present day selected coatings are 

a. . extremely durable. 

b. highly reliable. 

c. relatively inexpehsve. 

d. about as efficient as paint. 

<52. Fins are used in air collectors to 



V 



63. 



a. increa^fe heat transfer. ' • ■ 

b. lower internal temperature.- * : 

c. restrict "air flow. 

d. support >the absorber plate/ ' 

A collector rated at'60% efficient indicates the 

a. average, daily heat transfer. <* 

b. ^differences between inlet v and outlet temperature. 

c. heat transferred at noon forgiven inlet and ambient conditions. 

d. amount of sunl^ghLUiat strikes the collector in a given time. 



64. The bpst estimates c/f maxii 1 
. built in to a solar system is 



»um heat contribution that can be.economically 



a. '40%. 

b. 60%. 

c. 80%/ 

d. 100%. 



65, It.is reasonable to build storage units for 
sl One day's 

b. Two days' ■ * 

. c. Five d&ys' 9 ' - 

d. Ten days' 

e. Overnight • _ 



_ heat requirement. 
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66. Locations for storage units means using'space that is 



■ a. the least wwable. - , 

b. closest to the collector. r 

c. in The center of the building. 

cf. outside the structure. , - 

67. Electrolysis in a liquid system 

3. increases the efficiency of the collector. 

bs inhibits chemical action. , 1 

c. reduced the size of the storage„unit. . ' * 

d. causes piping to corrode. , 

68. Normally, ro.ck beds feet deep will cause a minimum of 
drop. 

a. Two . » 

b. Four 

; c. Eight; . \ * 

d. Ten ' ' r4 

69. Closed loop and'open loop systems differ because of the 

" a. damper and valve system. 1 - ; 

b. heat exchanger. ' 
* c. heg£.transf§r medium. 

. ■ • d. design of the storage unit. "v" 

■» , * ' 

• v ~> ' ' •. 

70. ^the/mal compound is needed'with some thermistors- to ^ 

' *a. adhere^tfiehi to an ab&ewtter.^ - 

% Jb. Qlue tftem in a well. . ;. r v. * 

c. protecfclhem from air or water. ' * 

d. reduce heat less. 

71. An "electrically controlled valve is a 

a. 30fpppid valve. , . 

c. therrfwfetat.' 

d. .check valve. 



An electromagnetic switch is commonly called a. 

"a. solenoid: j 

b. transformer. -x* • 

c. relay. 

d. controljer. 

Control devices are used for 

, a. ease of installing the solar heating system. 

b. safe and automatic operation. - 

c. setting manual valves." 

d. all of the above purposes. 1 - 



Be sure your name and address 
is oh your exam before .mailing! 



~. ' PREVIEW OF UNIT THREE 

Units One and Two have provided the opportunity for you to study the basic com- 
ponents which are included in a solar heating system. This unit consists of'three 
lessops related to the sizing of key components of a typical solar heating system 
and the operation of a total system. 

Lesson Six will introduce yofl to several methods of selecting the size of the key 
components of a typical solar heating system. The techniques presented are 
based upon research .data and provide varyin ^degrees of precision, depending 
upon their levels of sophistication. You will have the opportunity to consider 
several important econAirwjJactors and learn how they can affect the size of the 
most economical solar gating system. Also, in this lesson, information will be 
provided to help you use a computerized system wHic^ is available to compute the 
size of the components required for a solar heating system, 

• Lesson Seven provides the ^formation necessary to understand how a solar 
heating system operates. The generalization^ about operation are presented using 
a large number of illustrations- In additio/i, specific information about the impor- 
tant characteristics-of a correctly operating solar heating system are presented: 
With this background, you should be able to evaluate a system to determine if it is 
functioning correctly. -\ 

Lesson Eight provides information about domestic fipt water (DHW) heating 
systems. Many solar space heating systems include domestic water heating as a 
part of the total system. It will be desirable that you. understand how this sub- 
system operates, and know haw to select the correct size of each component. 
Some consumers may be attracted to the, installation of just solar domestic water 
heaters before they make the major investment in a complete solar he&ting 
system. The initial cost is much less and the system can'be used all year long. A 
number of solar hot water heating packages are now available which can be in- 
stalled either in new homes or retrofitted into existing dwellings or commercial 

-buildings. Thesis separate hot water heating systems are given considerable 

'coverage in Lesson Eight. 

Taken together, these lessons will enable you to understand how solar heating 
systems function and how to design efficient solar heating systems. A thorough 
knowledge of the content of these lessons will enable you to progress to Unit IV • 
where you will study the installation, servicing, and legal aspects of solar heating 
systems. 
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LESSON SIX 

Learning Objectives 

Now that you understand the functions of each of the basiQ components of a 
solar^heating system, it is time to put them together into a system, In'this lesson, 
you will learn about sizing the collector. Once the size oftrie collector is known, it 
is possible to compute the size of each of the remaining solar systenkcomponents. 
Your previous expediences with forced air and hydronic heating systems will aid 
you in ypur study. As a result of completing this lesson, you should be able to: 

1. Identify-ten components of a typical solar heatingjsystem. 

2. Define^he term "life-cycle-cost." f 

3. Use tables to determine the collector size for typical homes. 

4. Identify the more important economic factors in sizing solar heating 
systems. < 

' ■ ^ 

5., Calculate the size of the heat storage unit required for a typical collector. 

6. Calculate the size of the pumps or fans whichr circulate water and air 
through the collector. . ^. # . ■ 

. , < . * 

7. Prepare the input fOF a computer program which will compute the size of 
solar system components. - 



GO TO YOUR TEXTBOOK STUDY LESSON SIX 
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LESSON SIX 

Progress Review 

Study Lesson Six in your textbook before you attempt to complete this review. 
Please indicate whether the following statements are true or false by drawing a cir- 
cle around T (to indicate TRUE) or F (to indicate FALSE). 

T F 1. The shortage of fossil fuels is one reason why consumers are likely 
to purchase solar heating systems. 

T r , F 2. When determining the size of solar heating system component, the 
heat storage unit is sized first and all other components are sized in 
relation to it / ' * 

l . \ 

T * F 3. For heating only, the optimum angle of a so.lar collector wi>h respect 
to 'the horizon is- 'tocal latitude plus 15°F, 

_ & ' v •' ' ' 

' » ™ 4 - Counterflow design of heat exchangers decreases heat transfer. 

T ^ 5. The higher the approach temperature of ttje heat exchanger, the 
higher the efficiency. 

° *■ 

T F 6. An air cushion tank provides the normal expansion of the fiquid in a 
liquid solar heating system. 

T F 7. Thje diaphragm in an air cushion tank prevents the air in the tank 
; fronrvmixing with the water. 

T , F 8. As the, costs of natural gas, fuel oil and other forms of fossil fuel 
energy increase, it becomes less economical to install a solar 
heating system. 

T F 9. The additional investment in solar heating equipment will increase 
the value of a home and is likely to increas the annual tax arid in- 
surance bills. 
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In the following multiple choice questions, chofcee4he phrase which mo.st cor- 
rectfy completes the statement and circle the corresponding letter in front of the 
phrase. . . .•#-'■?. 

10. Which of the following are considered when life-cycle-costfhg is applied to 
the design of a solar heating system. 

a. Initial cost of the system * { 

b. Expected life of the gystem 
p. Cost of auxiliary energy 

d. All of the. above are considered in life-cycle-costing 

11. A collector which is oriented 30° west of south will operate at an efficiency of 
. (Refer to your textbook, Figure 6-10.) 

a. 0.93 

b. 0.98 1 *\ S ' 

c. 0.90 

d. 0.97 > 

12^ An air solar system with 400 square feet of collector will require a storage unit 
containing ^ - ,nubic feet of pebbles. 

a. 200-400 5 . f 

b. 150-300 

c. 250-600 

d. 450 

13/ A heat exchanger is installed in a liquid solar heating system to 

i ~ • ' 

a ? increase the efficiency of the system:'" 

b. prevent the collector fluid from boiling. 

c. separate collector loop fluid from the storage loop fluid. 

d. heat domestic hot water. 



14. 



A clearinghouse to obtain complete^ up-to : date information about solar 
systems is *\ 

a. hud. . 

b. National Solar Heating and Cooling Information Center. 

c. ERDA 

d. None of the above 
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15. The FCHART collector §izing technique Is 

. • . . . ' . 

a. very simple to use, 

b. a very detailed sizing procedure. 

c. available to customer througtosome collector manufacturers. 

d. both b and c are correct. 

16. A procedure developed at Colorado State University for sizing collectors is 

, • based upon c , * ■ 

' * ■ • ■ *. 

a. the FCHART systqm. 

b. rules-of-thumb. ; 

c. heat exchanger size. . 

d. economic analysis. 

17. Presently, for .most locations the most economically solar heating installa- 
tion will replace d perpent oi the fossil fuel energy requirement. 

a.^50-7a 

40-80 , ' " % 

c. 60-90 < ^ 

d. 50-55., ^ 

18. The ERDA computer program which contractors can use to determine op- 
timum collector size and obtain heat loss calculation is known as 

a. FCHART. 

b. Relative Areas Analysis. 

c. Solocost. 

d. Life-cycle-costing. . 

In the following completion questions, place the correct number, word, or 
phrase in the blank(s) provided with each question. 

19. A home located in Seattle, Washington has a heat loss of 60,000 Btuh for20°F 
•average outside and 70°F average inside temperature. What size collector 
will be required if 50% of the energy requirement is to be replaced by solar * 
energy using a liquid system and collector tilt of 53°? Use Table 2-10 in 

SMACNA Standards. * ix . . 

- sq ft. ^ ■ . ' 




T ' 53 61 



• . . r • / • 

20. One of the simplified procedures qutlined in this lesson provided a separate 
divisor for air and liquid systems. Also, two choices of'collector tilt and three 
choices of percent, of solar contribution are given. What is the title of .the 
document where these data can be found*? 



JinfiptHi^cf Jol 



21. SirtfjgWttecf sfolar collector sizing procedures do not all produce the same 
: Te^rts^VVhy is this so. A. : 




l^tag any of ^these tech- 



• th>;designer/tectjnician*know when appl^tqg any 
irik ^fr , _ ^ 

• • ' ^~ * ~~ 
tors which affect the life-cycle-cost of a solar heating system. 



Fill in trie blanks with the word (or words) which most accurately completes the 
thought. \ v 

23. Referring to the .sample Solcost analysis, Figure 6-8, identify the values for 
the following input parameters: 

A. Collector tiit ' degrees. a 

B. Solar system fixed initial cost $ . 

4 

C. Property tax rate ■ 

24. Referring to the output of the sample Solcost analysis, Figure 6-8, identify the 
following: . . * 

A. Initial solar investment $ ; 



. B. Collector size square feet. 

C. Annual proportion of load provided by solar %. 

D. Rate of h\um on net cash flow %. 
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25. The three basic types of. heat exchangers are: 

... • A \ ■ . - . . 

B . ' '. 

* 

C. ' _ 

26. If a solar system contains 75 gallons of water.whLh enters the"system at 55°F 
and is heated 200°F, what will be the increase W the volume of water? 



Compare your answers with those given in the answer key in the back of this 
Study Guide. If you have any question regarding the correct response to a review, 
refer to your textbook for clarification. (See Study Hint No. 0.). 
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LESSON SEVEN , 

Learning Objectives 

In Lesson Six, information was provided about sizing of the various components 
of a solar heating system. This lesson presents the basics of solar system opera- 
tion. The relationships which must exrst between the collector, storage unit, aux- 
iliary furpace, pumps, fans, heat exchangers, and other vital parts of the total 
system are presented. Finally, the control system which regulates the flow of air 
and liquid through solar heating systems is discussed. As a result of competing 
this lesson, you should toe able to: 

1. ^Bescritre the five basic operating modes for air solar heatinkj systems. 

2. Qetermine which components of the systems should be operating and 
\ which vklves^r dampers should be open during each operating mode! 

% y ~> % 

• 3. Describe the importance of eliminating, air leaks in all air solar hearting 
system. 

4. Identify the safarty devices required on the domestic hot water sub-system. 

§. Identify the basic differences between* air and* hydronic solar heating 
systems. 

6. Describe three different way^ heat pumps can be coupled to solar heating 
systems. 



GO TO YOUR TEXf BOOK STUDY LESSON SEVEN 



LESSON SEVEN 

Progress Review 

Study Lesson Seven in your textbook before you attempt to comptete this 
review. Please indicate whether the following statements are true.or false.by draw- 
ing a circle around T (to indicate TRUE) or F (to indicate FALSE). / ■ 

T F 1. When heating directly from the collectors of an all air system, the 
heated sir normaHy passes through the storage unit before entering 
the space be heated. ■ . . . 

T F 2. Heating domestic water is possible by adding a fin tube heat ex- 
changer in the air stream leaving the. collector. 

T F 3. A T/P valve is installed at the pre-heated domestic water tank to pre- 
vent overheating of thjs water. 

T F ..... 4 * Ducts with insulation value of R-4 should be installed to reduce heat 
loss in an all air system. 



T F 
T F 



5. A bypass duct is always required in an all-air solar system. 

6. When storing heat with a hydropic solar heating system the storage 
pump'is off. ' 



T F 7. When heat is being stored jn a closed loop hydronic solar heating- 
_^ system the collector fluid flows directly to the storage unit* 
k * J 

T F 8. The purpose of the purge cycle is to drain the fluid from the collector. 



T F 



9. The simplest installation of a heat pump in a solar heating system is. 
to use the heat pump as an aux-iliary hea} source. 

10. A heat pump can be installed so it will draw heat from the solar 
storage unit. ' ^ 

11. the eollector pump will short^cycle if the "on" and "off" points on 
the differential thermostat are too close.' 



59 



65 



In the following multiple choree questions, choose tt)£ phrase which most cor- 
rectly completes the statement and circle the corresponding letter in front of the 
phrase. 

12. One way to'preveht scalding waterJrom entering the domestic hot water l^^ 
is to install a V 

^ ■ 7 

a. pressure/temperature relief valve. 

b. drop Ijne. • 

c. thermostatic mixing valve. 

d. air cushion tank. 

13. A well designed all air solar system^nijhave a pressure drop of approximate- 
ly 0.3 inches of water in the ' 



. a. % collector. ; 

b. storage unit. ^ 

c. du,ct system. . , 

d. both a and b are correct. 

14. The collector loop of a hydronic solar syst^n contains 

a. collector. * ^ 

b. heaf exchanger.- 

c. pump. 
* . d. all of. the above. 



15. \lf a heat pump is used for auxiliary heat, the "solar" water coil is installed up- 
stream from the refrigerant coil to 

a. avoid higher head pressures on. the compressor/ . 



b. make installation easier. , 0 

c. to increase the heat output from the h6at pump. , 

d. all of the above are* correct/ 1 



T 



In the following completion questions place the correct 'number word,' or phrase 
in the blank(s) provided with each question. N ' 

16- List the five basic rffbdes'of operation possible with all air solar systems: " 



A. 



B. .* 

C. 

D. __t : ' . » 



E. ^ 



17. The flow path of air through the storage unit whfen heat is being stored is 
the air flow when heating from storage. . » , • . 



18. Why is air leakage more of a problem in all-air solar heating systems than fn 
conventional forced aifheating systems? , . 



A. 
B. 
C. 
D. 





ft 


c 

J 












> 



19. To achieve quiet operation, all Wowers should be driven. 



20. Dampers on all air systems be fitted with - \ seals f<?r 

positive shut-off and smooth operation. < • 1 . 



21. Refer to. Figure 7-14 in your text and determine what mode of operation is in 

a<Iaa4 i»k'AH ,r *k« ' f aIIaimIha a. 11*1 



effect when 'the following conditions exist: 



OPERATfNG 
MODE 



A. 
B 

C: 
D. 



STORAGE 
PUMP 

On 

Off • 
Off 



COLLECTOR 
PUMP 

On 
Off 
On 
Off 



AUXILIARY 
HEATER- 

Off. 
. Off 
Off 
n 



LOAD 
PUMP 

r 

Off' 
On 
On 
Off 



FAN 

Off 
On 
On 
On 



Compare your answers with thosegipen in the answer key in the back of this 
Study Guide. If ybu have any question regarding the correct response to a review 
item, refer to your textbook for clarification. <SeVStudy Hint No. 9.) * ' „ ' 
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V V LESSON EIGHT 

Learning Objectives 

Solar heating of domestic hot water (DHW) is-growing rapidly;in>jl^^ United 
States. Many solar domestic hot water heating^ systems are &vai1afflfef%r new in- 
stallations as well as retrofitting into existing ho/foes. Ttiii lesson introduces the 
basic/types of-systejiris'avaiteble, considers eaah of the principal components of 
the system individually, discusses the operation of t^'ese systems, presents infor- 
mation about sizing the components, and deals with the principa^economic ques- 
tion which must be answered before deciding to purchase a solar domestic water 
heating system. As a result of completing this lessqn, you should'be able toV 

,r ■ ■ * 

• 1. Describe the three basic types of solar domestic water heating systems and 
identify the basic components of each. f 

2/ Understand and b&able to discuss the aflvaijtages and disadvantages of air 
versus liquid systems. - ""N^ . . 

3. Describe the operating cycles of the three basic systems for heating 
.domestic water. ■ ■ ; ' - 

4. Compute thesize of the collector required for typical residential installation. 

fc 5. Analyze the. economic considerations ^hich are'importan^ 
purchase a saiar domestic water heating system. 



GfO^TO YOUR T^XTBOtfK STUDY LESSON EIGHT 



LESSON EIGHT 

Progress Review 

^ Study Lesson Eight in your textbook before you attempt to complete this review. 
, Please indicate whether the following statements are true or false by drawing acir- 
cle around T indicatd~TRUE> or F (to indicate FALS^). 

T F 1. Solar domestic hot water heating is presently more economical than 

* whole house space heating. 

* . 

T F 2. The direct heating/thermosiphon system is well suited to northern 
] i climate; ^ ' 

T F 3. Direct water heating systettis/equirejj^fis^ be ; Installed in the col- 
* lector loop to p^evfent|fee2e da^ge? 3 ^ 

Indirect solar ^ra^heating collector systems- have been developed 
to overcome'the 'freezing problems of direct heating systems. 

Indirect wate/ heating systems can use either air or liquid (hydronic) 
— *ors. u >: * **" : * / ' 

ptfafl he^ex^fc^e^ in liquid solar 

Mtirl^ syTtem£.' . >• /\ \ b * \ 

.. In th§ fo^owmg^ultiple choicejjuestions, chbose the phrase wh^chniost cor- 
rectly^pmplfetes tffis statement and circle the 'corresponding letter in front'of the 
phrase. \ " - » K 

7. The simplest form of the solar ddmestk; water heating system is the ♦ . 

a. ', indirect fieating/thermosiphon. ' 

b. direct heating/thermosiphon. . * • 1 > • / 
■ ' c. ^direct heating/pump circulating. 

d. indirect heating/pump circulating. . ~ 

- 8. In a direct heating/thermosiphon system the water storage tanfc'mus^be 

a. located 1 to 2 feet above the collector. ^ 

b. located 1 to 2 feet below the collector. . *-\ 

c. made of fiberglass - 

d. larger^jww^^ . 




^xJExcessive hot.water is prevented from entering the donqestic hot water ser- 
^^JMjBe'line by installing a • !,* 

* v 

' .... a. check valve. ^ 

b. P/T. valve. . , , 

\^ an automatic drain valve. . ■ 

r * ^d. ^hermtetafk^aHy controlled mixing valve. ' 

10. To preVenRexcesfeive build : uR or hot water or steam in the storage tank a 

a. check valve is installed. / > """* - * 

b. * P/f valve is installed. . ■ , ; 
• c.-» an I automatic drain valve is installed. 

d. ^thermostatically controlled mixing valve is' installed.-' ^ / 

* '■'».". ' • ' ' . • 

11. Among the major advantage(s) of using air rather than wat^- as a transfer' 
medium is/are: 

r | ••" - ' . . 

a. freedom fpsfm freezing and boiling; 

b. no risk loosing expensive fluid in collector loop." 

c. no risk of damaging leaks. . , 

d. . all of the above. * 

■> * 

12. The major disadvantage^) of using air rather than wafer as a transfer medium 
is/are: \ k 

^ ' . \ < ■ 

a. larger collector required. ... ■ 1 

b. larger piping required to connect Components. ■ 

i c. more energy required to circulate .air. ^ \ ' 

d. all of the above. ^ ' \ 



Fill in, the blanks with the^word (or words) whicWmost accurately completes the 
•thought. ^ ' ( « k ■ 

. • '? 

13. Describe two disadvantages^ djrect.heating/thermosiphon solar domestic 
' water heating systems. 

A. ' > ' ' ■ S * ■ . 



B. 
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A — ; — *— valv e 's installed in the collect loop of a solar domestic water 

heating system to release excessive pressure and allow any steam which 
may be created to escape. 



^ 15. La^el each oMhe lettered components of the direct h^atin'g/pump circulating 
system shown at the right. 



B 




? 16. Using Table 8-1, calculate the daily Btu requirement for a family of four living 
in a three bedroom home which is supplied with service water at a 
. temperature of 45°F. Assume that the desired temperature of the heated 
• . water is 155°F. 



r ; • " $ 

Compare your answers with those given in the answer key in the back of this> 
Study Guide. If you have any question regarding the correct response to a review 
item, refer to,your textbook for clarification. (See Study Hint No. 9.) 

DO NOT RETURN THIS REVIEW QUIZ FOF* GRADING 
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Fundamentals off Solar Heating 
UNIT THREE EXAMINATION 



Student's Name 
Address 



_City_ 



_S|ate_ 



-Zip_ 



Please indicate whether the following statements are true or false by drawing a 
circle around T (to indicate TRUE) or F (to indicate FALSE). 

T F 1, Solar heating equipment manufacturers may use their own sizing 
procedures. * 

T R 2. There is -only one accurate way to determine the collector , size for 
either the air or liquid systeqp* 

T R 3. A fixed. collector array will satisfy the same percentage of the heat 
demand consistantly in all buildings in a given location. 



T 
T 
T 
T 



R 
R 
R 
R 

F- 



4. Doubling the size of the collector means doubling the heat output. 

5. Counterflow between hot and cold fluids improves heat transfer. 

6. Modern expansion tanks may be open to fhe atmosphere. 



7. Typically there are three blowers in an air system 



8. Minimizing blower horsepower and air leaks are important con- 
^derations in an air system. 



R^ 9. Properly designed, the auxiliary system operates more h 
I than the collector loop. ' ' 4 



67 *y o 




er day 



F .10. Listed dUct coil Btu ratings may be reduced by non-uniform air 
& velocity over coil. • . \ 

F 11. Sensors are placed at the inlet and outlet pfjhe collectors for system 
operating purposes. * . 

T 12. In a closed Ibop.hydronic system, more than one pump may operate 
at a given time. 



T F. 13. A heat pump can provide both heating in winter and cooling in sum- 
mer/ 



T F 



14. Because of excessive cost, DHW s^stjms should not be installed 
alone. 



s^stfjr 



T" * F. 15. The thermosiphoh system requires a low speed circulating pump. 
16. The thermosiphon system would be simple to operate in Florida. 



T F 17. Safety valves are required for thermosiphon DHW systems. 

• v " . " ' 

T F 18. -When heating DHW, the auxiliary system should be used only when 
solar insolation is insufficient. \ 

T F 19. A relief valve to relieve pressure must be plumbed to an open drain. 

T F 20. Air system collectors are larger than liquid system collectors when 
used forOHW of similar capacity. ( * 

T F .21. Almost any type of heat exchanger meets the code ^foK DHW 
r systems. 

. i ■ - 

T F 22. By designing a 60% January hot water demand system, it would'ac- 
commodate almost 100% of the June demand. 

T F- 23. T^here are numerous styles of he^exchangers. 

Fill in the blanks vv^ffthe wo'rd*(or words) which most accurately completes the 
'thought. • 

24. As a rule of thumb, the collector area required for space heating is equal to 
— ^ the floor space being heated. 
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25. The FCHART is a table to determine 



26, To accommodate the expansion o'f water in a closed loop system, 
, tank is installed. 



27. PSIG mean£_ 



*■ • 

28. When heating fronv storage, the auxiliary system operates only during 

. ; : stage demand of thermdstat. 

29. Collector efficiency at times ttf both high and Jow insolation may be indreas- 
ed by • . pumps; >3 

30. A reasonable rate of consumption for DHW is gallons per person 

per day. r 

31. List the foyr essential solar system operatiog modes 
% A. ' ' 

B . • _ t , 

c . J 1_ sv, ,/ . 

* 

In the following multiple choice questions, choose the "phrase which most cor- 
rectly completes the statement and circle the corresponding letter in fpon* of the 
phrase. " . • ' 

_ ■ * V . k 

32. Typical collector efficiency for DHW is probably / -j 

a. 10%. 1 i - 1 

b. 40%. . , 

c. 70%. "" 

d. 100%. 
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33. 



When justifwrig.solar installation for economic purposes, the expense most 
applicabl^s the 



a. of /equipment. % \ 

cost of labor. • - 

c. .tax brealj. • " ■ 

d. life-cycle cost. 

34. Optimum tilt angle for solar heating is latitude plbsL 



degrees 



\a. . 0, 
b .* 5 . 

15 ' 
d> 30 



35. O^imum tilt angle for DHW is latitude plus _ 



a. 

b. 5* 

c. 15 

d. 30 



The .gesirecJ heat exchange approach temperature is 




b/ 10 ? 

c. 20 - - - ' 

d. 30 ; A 

37. , Air cushion tanks can be located a few feet* 



a. above the collector. 

b. below the collectors. 

c. above the storage unit, 
i .d: befow^the storage unit. 



38. Torprfevent water from flashing to steam/at the,top of a dollector, the 



a. static pressure is increased. 

b. static pressure i's decreased. 

c. " air vent is closed. 

d. balance valves are adjusted. 
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39. A diaphram style air.cushion tank allows focusing 



cushion tanks. 



a. Larger . 

b/ Smaller . ; ;. * } -i ^ 

; 40. When ethylene gjycol is used at a 50% concentration, expansion tanks must 
be i_ in. size. 

a. Increased , 

b. Reduced 

,v.. ... . - .. v 

41. In the sumfner, when there is no immediate.heat demand for DHW, the ^ir^ 
system collector loop.. \ 1 J « * ^ 

. • , • : 

a. continues to circulate hotair. * 

b r continues to heat the water. ... 

^ . c. exhausts to the atmosphere. ; * - v 

d. overheats the collector. , . " 

42. The qorfiponent that prevents scalding DHW w^ter temperatures is 




a. a heat control ler. 
b^^i mixing valve. 

an air vent, 
'd. the dual thernoostat "... 



tal pressure loss in an air system may be as high as _^ inch of 

water. 



44. A common air velocity" inducts would be ; fe'^t pgr minute. 

a. 200 " * 

b. . 400 \ 1 ••..••* V 

c. . 800 

d. 1200- 
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45. The least ef^ectjye low temperature liquid space heat" system with solar 
.assistance is "the' 

a. liquid to air unit. 

b. hdronic baseboard unit: * 
Q. heat exchanger unit. * 

d. low pressure storage unit. ' 

y 46. When, the collector loop cannot supply enough heat directly the 

a>. house gets cold, 

b. forage unit heat is used. 

j C. aHjxiliaiy heat is used, 

d. circulating pumps operate in reverse. 

47. A disadvantage of a heat pump as auxiliary heat may be 

a. ineffective movement^of the liquid. 

b. use of unstable liquids. ' 

N c. large space that the pump occupies. 

A costof electricity required to operate them. - 

48. Differential thermostats are typically set to start when the temperature dif- 
ference between cqllector and storage is about * m . "<■- ' 

a. $°F 

b. 6°F t 

c. 10°T • . * ; ' . ' 

d. 20°F 1 

49. The simplest DHW-sy^tem to operate is the ; ^system a 
a. therrfiosiphon., 



b. liqiy|J circulating 

c. air circulating ' 

d. ^combination of b and c 



v r 



'J 



* y i. \ SO . 



\ 



50. The most difficult DHW system, to integrate^-trito the fetructgre is the 

&• 

' • system. 



a. thermosiphon 

b. liquid circulating r 

c. air circulating / 

d. combination of b and c 

j 

51. Qfeeck valves prevent \ ' • 

a. overheating the collector. 

b. » short cycling. 

pi reverse circulation. ■'■ ■ 
d. system drain-down. 



52. In the direct heating/pump circulating DrtW system, 
freezing. / 1 

* a. antifreeze c . ' „ 

b. reverse circulation * 

c. high speed pumfJ action / 

d. a drain-down valve 



prevents 



53. T^e first concern irt sizin 



a. heat storage unit. 

b. air handler. 

c. coilector. 

, d. heat exchanger. 



54. In the indirect heating/pump circulation DHW systefn, 
freezing.* -* 

- . . , . * ' .. 

a. antifreeze or specialj/uid * 

'b. reverse circulation ,v 

c. highspeed pump action 

ftd. a drain-down valve 



ufeyc 
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PREVIEW OF UNIT FOUR 

' * * ' . 

Unit Four provides T the learner with information about iqstelling. and servicina 
solar assisted heating systems, in addition to discussing 6ome of the areas of 
legal concerns for'new construction or existing structures being retrofitted. In 
preparation for this unit, youJaave studied the components of the open and closed 
loop systems, how they are sized, and how they operate. , 

Lesson Ninfe discusses the installation of collectors, heat storage ynits, control 
-devices, and'Specialty items. Special emphasis is p.laced oijrthe scheduling of 
events in the sequence of activities in constructing the building. SMACNA and 
other organisations have established standards and guidelines for many of the in- 
stallation practices used^iji the construction industry that apply to^solar heating. 

•■ Specifications and drawings for the structure provide the manufacturer's ^a f me 
and model for different component? in the solar heating system, asS^II as for the 

, rest of the^tructure. MarfUfacturers of/larger pieces of the heating equipment pro- 
vide specif icJ data for nrbanting aipd adjustingfp/ocedures for their products. The 
installer needs this irfformafion as dS! the designer and builder ofjhe home or 
business being 'const ructed. . ' - * 

LeSson Ten identifies three Rinds of servicing procediH^s for solar heating 
systems: first, is installation start-up; stfcohcJps petiadic maintenance; and, third, 
is troubleshooting or emergency repairs. Discussions are directed tow«ard the in- 
staller, servicer; and consumer or owner of the property. '* 

Lesson Eleven deals Wi*h lega| matters that arte designed to protesct people and 
property. The health and safety of people and prcmerty are extremely important to 
designers, installers, and consumers of solar heating systSmsrConcern for proper- 
ty deals withVsuch topics as right tonight, zoning, building codes, construction 
practices, and other real estate management problems. , (* 



LESSON NINE v 

^ Learning Objectives ; 

Lesson Nirfe Divides \h^ : M^efyki^ information about the sequenced events 
for installing liqcfid anchair'sotarass^sted heating equipment as well as domestic 
hot water (DHW). These installations are discussed first fornew construction and 
then tor retrofitting ah existing structure. Topics are presented in Jh,e order that, 
they woufd normally occur in construction scheduling: In addition,.the practice of 
insulating ducts and-pipes at the proper time «is. also presented. Therefore, after 
studying v this lesson, you shQ^ld be ablet/ 



1. Explain architectural problejns relapd t(5^sWii|jg solar heathng system/: 

2. Schedule and- install collector arrayisr 

3. ^6cheduJe and install heat storage units. 

* • * * — 

4. Schedule arid install controls and specialty items. , ' 

« 

5. Schedule and install domestic hot water, (DHW) systems. f ' 
6.. • Schedule and install insulation. . ; . * 



> 4 



GO TO'YOUR TEXTBbOK STUDY LESSON NljNE 



LESSON NltfE r 

'Progress Review 



A- ~ 

* riiJiJiHN5% ni#v WW. • $ 

Study Lesson-Nine in your textbook before ^ou attempt , to completg this review. 
Please indicate whether thfe following statements arelrue or false'by drayying acir- 
'cle around T (to indicate TRUE) or F (to 'indicate FALSE). 

1. Liquid heat'storage units can be pyj in place any fime-during con- 
struction. , . ■* tf 



T— F 



* T F 



JL 2. /he bottom of the storage tank sfcoufll be on the floor f^r stability 



J F 3: Collectors must be foined'to each other as tjgKtly as possfble. 



F 



/ -. ■ ' „ ^ c . • • ■ 

4. Some collectors should be covered after installation so they will'not^ 
ybverheat internally before being placed in operation. * ' 



T - • F 



T s F . 5. The reverse return array assembly is "the fewest to balance - 

1 *• * . * $ ' - 

T i F; 6. Centrifugal pumps must have positive water pressure on the intake 
* side. V .-■..'/ ' v v ' 1 , ' ' r 

T. F 7. Ir> an open loop system,. \he heat storage unit must contain anti- 
-. freeze. , > 

' • v ■ ' v \ ' ' - ; ;\ , r " v 

TV" • F .8. The^tjn luqp system is frequently installed in locations where sub- 
freezing temperatures are rare." 

9.Jn long pipe.funs, e^pansiofi must be considered: 5 » . 

. ; ^ - ' . '"\ ■' -\ * \? - ' 

T F TO.'Short lengths of rubber h6se „ can perform the same' function as 
, " diehectric^unions: v ' • * ( . / 

■*« . * .«.*"* 

T F vii. Rough-in electrical installation- include^ locating sensors and ther- 
v . ■• ■ moatats, ' { ' . m i ' ' 

T * F 12 : Rock myst bl^niftfjm in size for'the pebble-bed storage unit. 

t ^ , « , ; ' - • "i 

T * *F , ^13. Sensors are installed in air system collectors after they. kreLsbl idly * 
• ^ • *' ' ' mounted on' the roof. 1 - ™ 



T ; F 14. Ducts for air system collecto? loops are irmalled in tta same manner 
" a^ conventional furnace ductwork. 

T , F \y. Ductwork may be jnsulated insi.de as well as .outside. 

T F 16. Ductwork to blower connections are m&de with flexible connectors. 



F 17, Air filters are more critical in the liquid collector circ-uifcthan the air 
system circuit. . » > ▼V. ' 

F 18. An electronic air cleaner shoulrfnot be placed at the inJet'to the aux : 
. Vj iliary heat source because of high velocity air movement. 

^. :■; • • \ ' 

. frf^V 19- The air handling module contains most of the electri.cal controls for 
' . its operation. " 

^ 20. Insulation fotthe outside surfaces 9f air system ductwork is* added 
after leak testing is dohe. 

FV r £t. Rumjdifiers can npt be'tiSed with all air solar systems. \ 

F 22* Relief valves in DtfW system are typically rated at 50 psi just as the 
. . J ■ collectors. . . • 

• \ ' •"■ ■ - • / s . . »■ . 1 *- ■ • ■ 

T F 23. The.settrtig - for the mij^g valve for liquid DHVy is 140°F. . 

T *F 24. A collector caujd be mounted flat on £ 4/12„pitch'*roof but maximum 
... . ^^^ojjtput/would be reduced. *■ ' ^ ' . 

t> F' 25. Pebble-bed storage* units can b& placed outside the structure. 




X J.\ % F 2.6. Liquid storage tanks ca L n never be placed outside ttie^trucfure.. 

Fill in The blanks yvfth the wo'rd'(o( words) 'whicfo accurately completes the 
IhfOught. ■ ■ "" : ' i . .. . . • 

• a [ ■ , . ■ .. ' ' ' ' / - / . ... ; , \ , ' 

27. The prac^ce qf installing a solar hea.fiirg sysfenrVrn an existing structure is 
called ' - ; ■ ■ '• | ' : H ~ ■' ■ - ■ ' ' - : 



28. 'Footings for liquid heat storage .tanks are engineered according to theWaight 

• of the 11 * and ■ ■ . ■■ ' * . . * * ■ 



29. The preferred collector mounting practice is to mount it'to a roof constructed 

. * J 

at. the proper . ; , 




^^'y USt be allowed Q th ? t0 P of collector arrayfor the installatM^Mhe 



31. Piping made*bf _ or^ : are used tof liquid collector l^oCps, 

32. Expansion tanks are steed accordingYo the . and the _4_ 

' : in the system. 



33. Aluminum metal strips in a ' erode away and redifce chemfcal at- 
tack in the rest of th'e liquid collector loop.- ' 

■ ** ■ ■ ■ ■ .*•••• >..■ 

<_-. _ > .•■ *.■ 

- . . (. 

34. The basic steps involved in roofing a solar heated building are. . i J„ ; 

- A ' ■ ' : — ■ 



B . 

C . 



35. Three'possible liquid collector to collector assembly procedures are 



A ~f %»Tv 

B . <: i ■ ' ■ ' ' - 



— '—i ■ -. I 4 •' 



36.. T,hree possible liquid collector array cifciiits'-are' 

A. - ■, • ' '■ 




ERIC 



37. An air handling system module may contain 

a . ■•_ i : : . 



...... 

38. Mate/iajp to ms'ulsrte a solar heating system should have ; 

■ " - ■ , ^ ' ^ 
^ ■ 



6 



E 
F 



In the following rfvultiple choice questions, choosfe the phrase which most cor- 
rectly completes the statement and cirqle the corresponding letter in front of the 
phrase. x 



39. Tank installation is done before the 

.a. basement floor is poured. 

b. , floor joists are placed. 

c. subflqdMs nailed, down. 

d. basement floor, is installed. - 



r 

/ V 



40. For dfainage purposes a minimum pitch in piping is * ''' per 10 feet. 



a. - Va " 

b. 1 / 2 " 
AC 1" 
•d. 2" 



-80 



41. Vm air handling module directs airflow for' 



- a. space heating from the collector. 

b ; space heafir%from the storage unit. 

c. — •-- 1 — " — " - 
d. 



space neann^rrom the storage unit. \ 
space heating from the auxiliarvjieat unit: 
all of theabdve. . 



42. Four gallons of liqufd per minute flo'wing through a % " pipe Tat 422fp"s will 
have a pressure drop of ^L_psi/100 ft. (Refer to textbook.) . 

% a. 4.22 

b. 6.36 , »■ 

, c. 6.60 
d. 7!42 

43. A 1 " pipe at 5.57 fps with a pressure drop of 6.36 psi will flow at gpm. 

- 

*a. 4 , 

b. 8 ' . * ' 
"c. ;15, . ■ • • : % 

d. ~25 : ■ > 

Compare your answers with those given fn the answer key in the back of this 
Study Guided you have any question regarding the correct response to a review 
item, refer to your texttrook for clarification. (See^tudy Hint No. 9.) 
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lesson Yen 

. . Learning Objectives 

LessorVTen deals with the topic of servicing solarBssisted heating systems. The 
information relates to servicing the system ,affer' equipment has been installed. 
Prior to this time, there^ay have been some testing and inspecting done during 
rough-inactivities. . • 

J v . - 

The system must first be serviced for start-up; This means \ha\ 'the system must 
be filled with water (or air), emd controls must be checked to sefefthat they operate 
the system properly. A check list must be completed and given-to the owner that 
provides the properly balanced system's operating conrffaons/ChecklistS' |re 
prepared for both the liquid and the air Systems as well as DHW. 



Instructions are also provided forperiod maintenance. This is information thai 
should be given to the owners / . - * 

There is also a need" to understand trdtiblesh,ooting practices for use in an, 
emergency. > - m _ ' ■ 

Therefore, after studying 'this iesson, yoif Should be abt6 to: 

rv • ■ ' * . • * \ x, 

V Discuss thfe general information necessary for start-up. - 

2. "Perform the operations necessary to start-up a liquid system. • !.'*■' 

\ 3. Perform the operations necessary tb start-up an'air-system. ' - 

■ • "*■*'.. . ' v < . , 

4. Identify the.periodic maintenance procedures for various components of the 
. solar, heating system. * 

, 

5. Explain the troubleshppting procedures for a system that needs emergency 
L servicing. 

c - ■ M y • - 

6. Discuss maintenance* problems that are . common among/solar heating 
systems. ...«■'■ ■ " ■ * ■ . f . 



7^^/13q3l^e"thejp^ose and extent of warranties. 



GO TO YOUR TEXTBOOK STUDY LESSON TEN 
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LESSON TEN 

Progress Review 

Complete this review. Please indicate whether the following statements are true 
or' false by drawing a circle around T (to indicate TRUE) or F (to indicate FALSE). 

T F 1. Safe procedures are important in servicing a solar heattfig system. 

F 2. Collectors may reach temperatures well above the boiling point of 
water. , 

••■'■**» 

F ' 3.^ A gQod designer_will.prescribe-the precise location- for every element 
of the system. . . ' . ' a, .... 

- « ' ' - ' • m 

4. Start-up begins after components are in place, leak tests are com- 
pjerpdand electrical controls are installed: "••» 

»* . •• 

5, It is almost impossible to totally purge air frc?rt>^ 5iquid*system at • 

start-up. ' \ ' • 

• - * .. ■•: ' " \_ 

,6. Capping drain valves after, start-up will prevent acefdentaP ddrih 
down. 1 . .. .jf- ^ ? 

■ -• , :-. . r 

7. Contrellers operate as a result of the electrical current flow through . 
the sensors. ; * * • ' ■ 

8. The system installer should complete-a checklist aftd give it \q the 
customer. ' , 4 ' ■ # 

9. IhstYuments to balance a solar heating system must Tbe calibrated 
regularly. ' * . • 

, . , .' ' : 

10. Absorbed panels are anodized 4nd not subject to chfppjrigw peeling. 
1i; Duct leaks should be looted before building is closed in. f 

12. Sensors typically cannot be repaired in the field.' v .' * % 

13. Most electronic controls will have to btfaWsJed ^ the {/me of start- 



up. , - . . : * . * J" '"I** 

T ,/ F ,;i 14 SomfeCheat transfer fluids ma^.de'terlorate^eal^an'd gai'k*&. 

■ f ....... - *3 

'■o 



T F 15. Manufacturers generally guarantee the efficiency, of their solar 
equipment. 

T F 16. Manufacturers are likely to guarantee solar heating systems if they 
i manufacture all components and certify to the training of installers, 

T ^ F 17. Poor packaging and shipping practices are a major cause of system 
malfunction. 

T F 18. There are more problems with low pressure systems than thereVe 
with hkjh pressure systems. 4 

& Fill in the blanks with the word (or words) which most accurately completes the 
thought.^ ^ . ,f . « 

19. The two most prevalent servicing hazards are ' and . 



20. Low voltage circuits of" volts is used for 

' and • . . 



21. To insure^that all air is renr\oved from a liquid system at start-up, the service- 
man must ■ eachTday for several days of operation 

-» .«»«'* * 

\ * .p 0* < * ■ ■ f ■ 

22. Equalizing the temperature a t : Uie top of a Hquicl collector array is done by an 
adjustment of a \ " afctti.e top of the collector. 



23. Sensor accuracy is effected by a 
or lack of 











! ■ 


* 







24. Organized • a are essential to a systematic approach 

j& ■ 

to balancing. V * 

25. Clogged dollector weep holes cause a 





♦ * * ^ m " -h 

26t Depositing a film on the inside.jof .thexollector from vaporzing materials is 
: '* called . / " m. ' *. 

m 

27. A limited warranty is free of defects in'_ J and • . ' - 



- 28. Glycol in a collector loop should be about % concentration 



29. Aluminum collectors will corrode rapidly unless a is installed. 



30. Fiberglass tanks must be rated fo£ a.t least 1 !__°F. " S 

S « 

31. Start-upinvblves 
A. * 



B. 

C. 



32. Periodic maintenance involves checking: 

*' A.- _j * '. ' 



X 



B. 



C. 11 ■ ' : >; 

d, , - 0 

E. j v _• 

F. ■ . •' . 



33/ An air handler contains: '. ' ' : n 



34. If a motor fails to operate, the electronic control sheuld be'replaced only a 
-completing four troubleshooting/ activities which are tb . 




D. 



35. The basic 'approach to troubleshooting is to 
A. 



B. 

C. 



36. Four main categories of system failure are 

A. ■"• ; 

B. ' ; • 

C. '". 

D. i 



37. The following list is typical of the tools needed to balanqe aii air system. 



A. 



Inihe' following multiple choice questions, choose ttle phrase which most cor- 
rectly completes the statement and circle the corresponding letter in fronfof the 
phrased * , * ' - 1 ^ 

. •"■ ' - • <' • ■ ■ : • ■ , * 2 - ■ 

3fl. "Out ojfc^ttistment" complaints result when the * 

a. tieati^'capacity seems to be decreasing 

b. heating is uneven and drafty. % 

c. operating c,ost is increasing. ^ 

d. noise level is rising. . 
all ©J the above. 

39. Of the following, which does-nof affect the efficiency of a collector? 

a. Condensation 4 

t- * 
b r Leakage * * " 

c. Dust - v 

x)r _ erat;ked rubber mounts ■ 

40. The periodic nriaintenance of .an air handler requires 

a. damper adjusjment. v 

b. testing concentration of antifreeze. 

c. adjusting balance dampers. " 1 ■ • " * . 

d. lubrication. 

Compare your answers with those given in the answer key in the back of this 
Study Guide. If ycrti have any question regarding the correct response to a review 
item, refer to your textbook for clarification. (See Study Hint No. 9.) ' 
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Learning Objectives * 




, %\xe legal responsibilities for thoSe who^desigh, engin^er/iQAall/ancfuse solar 
^ssiste^ Heating "systems are fw<>fpld. There is responsibility for (1) thejieajth and* 
■ swety of'pebple whQ pnay be" jn contact wittri(i6 system; and <2) the protedtion of 
thfe. property in prder to construct and" maintain an efficient and effective teating 
system. . f • V * 

People must be informed about possible toxic or allergic reactions that result 
from contact with materials'used in- the system. There is also the possibility of 
electrical shock or. burns. ! v * 




Property must be protected by enforcing building codes and Upen^iog pracL^o 
for installers and servicing personal. There are also p rjca?J^ rp ? i^e lat io^jreji I 
estate that deal with appraisal practices, incentives to inyest in soiar^Hj«^?ng^ji- 
suranc^, and warranties of components Jn the system. - 7 . .^f 

Therefore, after studying this lesson, you should be abje to: ' " 

1. ^Describe the hazarads-of a solar heating system harrALto people and pro- 
perty. „ .v 

Identify and explain the problems relating to right to light andjfreedom from • 



* 2. 

glare 

3. Discuss building codes and zoriihg requirements. 

4. Identify nTinimum quality standards and installaM^>n requirements for solar 
systems. . i 

y\ 5. Describe problems related to property appraisals. ' 

i" "- • • ■ % ' , . ' ' . " - . V ' ' ' ' " 

6. Analyze^prablems related to incentives t© invest in a solar system. 

^7. Identify problems relating to insurance and solar systems. 

^8. Describe problems relating" to warranties and solar systems. 



GO TO YOUR TEXTBOO K STUDY LESSON ELEVEN 



LESSON ELEVEN 

* Progress Review 

Stud^Le&soh fnaverr in your .textbook- before 1 you '^tterngj* >to otfrnptete this . 
Pe^ew^lea^ifii^rcalfe whetheirihe fayowin^statementsare true or falseby dr&w- 
ing a Cjrc^^r^ujKJ T (\g indicate TRUE) or F (to indicata FALSE).* ' 

T F" 1. There is attention given to the health and' "safety of people related to 
solar heating utilization. - . % ■'■*'# 



X. p 2. A solar home owner can do nothing if a neighbor's tree.grows and 
\, shaded the collector. - . s . ; , N . * ' 

' * ' ^ 

T F ■ It is extremely difficult to find coosis^enftfbuilding codes for ( solar 
. heated buildings. \ \ 5 * 

T • F h ^-J^-Unifjorro Solar Energy Code has been found unacceptable for 
^Tofaf JieatirTg" standards and guidelines. 
• .0 
T F 5. Cross-connection refers to"Rdok[ng potable water with sewer con- 
' - • nectiorfs', * . 1 

T p F. , 6. Due to the l$cj< of local codes, inspectors show little conce?n for 
• solar Heating equipment* ' / . 

" . *'\ ' ' t *: < 

T F 7. Changing compdjients may be simpler than changing codes if con-' 
troversry arises. ' . " . ' • * ' v 

' . » a * • . ' ' 

■ ' ' * it*" * " , 

T F 8. -Because of the/ urgency ^o experiment wi4h solar Keating, there 
aren't any jurisdictional labor problems/" 

9. A solar heating system may be qonsideredvSi liability by jbome'ap- 
praisal practices. 



.10. Insurance companies are very ^ejuctant to underwrite ^W^heated 
buildings. . ' v . 



by feom 

k 



♦ 



T F 11. The FedWal Tradi^ agency that regulates warran- 



ties 



12. A full warranty may only re^fte to a part of ;a product. 



0 

\ 



89 



94 " 



v"T F ' ^ 13. A full warranty states tbat'there cannot be a time limit to the duration 

' . ' ■ " ^ .. o{ the guarantee. ' > c p " V 

'1; - F f 14. Pro-ratyig is gen^r^^^ssocjkted^with limited wartantues^^ 

T F 15. A limited warranty protects dnly the original pwdhaser. 4 * 

T, _F 16. Implied warranties areTexplicH in id en trying the function of a pro- 
" { - / duct... . "■ J - ~ . '■ • ' \ , • • 

> T "P 17. Warranties are to be prominently displ-ayecL fin "the product W - 
r 6 ' v ' packaging.-. J y °. 1 " 

"Fill'in the blanks with the word (or words).wfnch most accurately completes the 
th6ugrft. ' * 

18. ^Several aspects-Sf health and safety in ownihg solar heating ec^ipment relate 
t0 — : ' and - ( -A problem's. 

^19r Problems .of "Right .tcP.Light" arises from Z , L and r_ 

shading. 4 - • • ■ 

* v . -< , •• . 

^PO. <, If<a collector creates glare, the property owner mayte required to * 



21. Proper placement and purpose for building ofi a lot in a given location Is . 
related tp - ! ' . \ ' 

' \ * 

22. Incentives to inst^lf a solar systsem may be encouragedf by legislation could 
\ be consiffered • nr . ■ • . 

■ ; . . r / 

23. Compensatory regulations^would deal- with. .. * and l - 

* such as v ^ and - 7 / ' ' * o ' % " 

. ' /. . ' ^ ' ' ' ' /.I 

ir 



"24^ Warranties are classified as either ^ r / I _ t 0 r 



25. 'Problems with. building codes )£late t© the ". 

<x A* — . ; * « , • _ 



p . B« 

"b. 



26! Vfyhen 'dealjng wiph solar' 

. A. - ' 



he^tUig systerrvs, an appraiseF may choose to 



' — : —. ■ — s-: --l . 



27. Regulatory legislation includes 

., 'A. ; ' .'* • n - J 

B. \ 



c. 



D. 1 



f * 



In the following multiple choice questions, cho6sathe«phrase Which'rnost cor- 
rectly completes the st attorn ^tad circie the.dorrespqnding letter in front of the 
phrasp./ ^ r , fj&A* * • ^ ■ 

'28. * A fulfwart^nty must include' . * . . V" \ ' ' . 

• °i *. . :-. M • y. , . , 

a - repays at no c*t and d^^in reasonable (imfe-, 
■ - b. cover, only origmal.' purchase'.' -a- . v ,^ 

c. r if not repairable replace or refund-moaey-. :. ; 

d. all of the above, v ? :■ ■ > 
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29. "Which of ttye toljbwing considerations must be dealt with when determining 
? Dlacecnent of solar coi lectors. ?- " " 

a vy?.V.: ;/ ; •■ - ' \. V-- ■ ... . ' . 

Va. Freetdom from glare # ■■ 

? b.vRight to, light : ' . m \ . * ..... . . 

-\ -c. Bglltli.ng.cod^^ • . 4 

d. AJ^of the above » - V- r -. : 

c|.> None of .the above V ■• ' '. V 



Com^are^your answers with those given in the aoswer.key in the back of this 
gStucfy Guide. If you have any Question regarding the correct response to a review 
item, refer to yoifr' textbook for claudication. (Se^tudy Hint No. 9.) 
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Fundamentals of Solar Heating 
UNIT FOUR EXAMINATION 



^Student's Name 1l 
Address -■ ; ' ■ - 



4: 



City- 



T §tate_ 



_ZiP- 



ci 

t 
T 



f?lease indicate whether the fojlowing statements are true or- false Qy'draWing a 
irfcle around T (to indicate TRUE) # r F '{to. indicate FALSE). .*•;. ' 

.1: It is not necessary to instatl'a-Tob'% auxiliary heat system. 



f 



F 
F 

F 

.F 
F ■ 



2. Retrofit is- the practice" of. installing ja solar heating system jn an 
existing buildings, -V * /* - ' ' 

' * ' . ■ j ? ' ' « ' * • 

3. Heat storage uo#s can be in^aHedj ^ny place on a concrete slab 
basement floor. \ j A 1 ' ■ 



T F 

T^ r F 



4^GlaSs lined Steel, ^inks afe virtually trouble-free. 

V* ' ' % . * > :.■■>.;■.' .. ■ ' : : • , 

5. Smcp collectors are light weight, little truss and rafter reinforcement 
.is heeded/. * . - - v ' * ^' ' ^ 

^6. The f^wer . number of pipe fittings used^ thi lower the^rei^sure^<lfe)p.. 
,7 v Roofing'is applied after direct -mQunted collectors have been rnstall- 

:.' * ■ • ■ * - ■ ■ ', • . ' \;. " v, . . " : ; " \ ■■■■■ 

6; Liquid collectors are usually placed with the outlet and inletconhec-: 
-tors at.the top and bottqiji respectively. . '"V- 



t. i -f; 



-T F 



9. Collector panpl 
into pface. 




ughly inspected before being hoisted 



•10. Ekpansrop^^^ciWPRtirv* not a prnble,m of securely mtHirrtedcol- 
_1 1 ... Sqlarvsysleu^ laroe r ex pansi on tanks t han co nventiQnal 



r a 

T .F 
T . F- 
TV ' F 
T F 



T * F 



T»* F 



T, F 




iiT E liwRrid system it must wmtistaad 150-psi.' 



•12. If rubber hose i&'i 
13. A geSter ^olurr^r 
•14.. Sensors ^hoylcl be *n plateErhtefore rcmg^in electrical work is done. 
1£.\ Leak Resting a systems BBwebefore drywall% v hu^ 



,16. Control panels can «w»'y-t» locator n-^|^t||o«*^osets. . 
17. Rough-in electrior w*m mm9e&G ve*ftt»rte£ 

V; ■ °/ - . 1 

|ti«J stofUgB 

[I 



18. A p'eBbJe-tied doe* not 
tank. ■< , , . 



fDudKl'rwwIatiop *** 

• - . _ . A£V. i„v »w 




Wheri.planning#capfc.^!faf it a*Tay r if^J^tepr^ctjce to <eave room fd T 
adding more collecjorf n tN? futufle. 

fr filters are ld£fe> *%>.gjbfc ^ n an^l-a***9^rsywte?n. 



V 



frame oon^jjttft 
Storage contain 




vciai to me 



t3r»wgance o 




/*igh* fittirtg damp 

:annot be used, to a pebtrie-bed 

2~J. jaandard/^h^ »*>t appropriate for 



so*ar duct wort 



V 



p 24lDuctsrrTnay be ini|#*ftti «"»*^rnafly QlNjxternaJly. 



25; tfcrerejs no -darvge. of fre«>« up injpn air collect 3olar domestic 
. . watefrheate/ 




<J3 
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26. ^closed laofj DHW, syst#m^HlN 80 psi ratec wiief valve inr^pllec- 
. tot loop, .Jjf *' ■'- * 

27. All DHW systems use 125 rsi raled te mgem ure/pressuse relief 
; valves. » • L A- • ■ v 

28 The are* frgtow a flaraiQe ^ocr carjge usg d *y ffleat .stoifS'ge units. 

29. The morP'^lt fiberglipa imButatKMT is cbmpnessed, tM more effec- 

• tlye ifte^^nesk " V* . . ' / 

30. Under. eJthin conditions cc^ actors can react temperatures ' of 1 
300° F. ' ' „ ■ 

31. Some remains ifisuaperoion m a liqutdrsy^em and^carmot be 
" ventedl^tif th» fluid is^faaaimcy,, 

32. The insider rrwst :>es*gf**<j i f flimn t kind ot sensor mount to tie useo 
in eact' gfccific loraatpiv 

33. Shorting out ^^sensorulK simulate m ^xtreroety cold condition 

■ ' , ^ < ~ - ; 5 

34., Discowiectif^ttiectoHfcrrfpr sensor. from ttie contra simulatetea^ ex- 
tremely cdld condition * 

35. Overloading rs zcoayryn <ause of failure in electrical equintmwu 

36. Oufcgassing is f*e JM»Sitir>g of an .tily or powckiry film en a answer 
plate. J 

37. A limited warraTircy m^fnsAhfe pfod&aetys fme from defects in maiuwai 
and craftsman*ip ~ 

38^Solarheating systems, r^n^orm sas&ly to the Hcnme Owners-Warmm^ 
pten-availdbte wtoer a '»^wt is sold. * ' . . 

■ , t » - * 

39. All equipment *shou v*f be labeled if it 's ha^praBfc, 

• * - .. *• i. . ■ , 

40/ Plugged weecriiot« are a' :<*eJ*fn ^thin durzutf&rk. 
.4a. Sofcar heating syst«' i frp r& * * 



T OF , 042, Very few cpm/nunitles have legislated special coding for solar heated 
•O' 4 O'O building construction^ 4 O'-' ; 

T F Some states have passed ''Right to Light v laws, 

T F . .44. Some Standards' have been developed for sotar heating systems *by 
-the'fedeFal gbveritment;- »-.— u 

T jjr -A5\ Building inspVcjtors should be contacted befoVe construction begins,. 

~ -F 4§.- Lqfcal jurisdictional problems 'may exist when solaf systems cqnstfuc- 
: tron contracts are negotiated^, . ' 0 



+ ■ 



T F "47. All money lending agencies consid^f^ol^ar heating systems to be an 
O asset to the property. / :'. . ; ... - 

T F ,48, Collectors are considered high risk factors iot comprehensive inr 
. suraoce.v /■ ■ ■•, /, - 

■ T * F '-49? An installs should give all warranties and product information to the 
owner after the systerrKis in (operation. 

Fill in the Blanks withihe word (or : words) which most accurately completes the 
thought. £ 0 • ' • O ' .• ' . • • 

. . . ..... - - • v '■■ " ' 

- '' ■ : * 0 : V /Jo 

50. Foptings.musV-be suWicieint to place liquid storage tanks ■ = 'L ; > abo"$!e . 
the basement fJbor^O 

■ * ' O ' ■ 
; 5T H Rougri-irr electrical Work includes ctrnhing electrical service to the . 



and wire to the 



52, Rook stofagefuntts are generally constructed o f __, • ■ i : :• , or 



53. *Rough4n ductwork begins 



54. Electrical service of j ; 1 v and ■ . / V are required at\th^ con : 
trol panel but thlfr is ^rahsformed to I V for most corftrol -circuits. 

55. Liquid. DHW circuits are classified as ••• ■ / k loop or \ 
, systems. v -. "... 

' . j . • * , . 

56. Minimum thickness of insulation for storage tanks should be in- 

57. Start-uji of a liquid System^ involves the system, testing 

. * ■ ' and measuring 

58. Anemometers, tachometers, and manometers would be needed to balance a 
a (an) solar* hrating system 

. V- - '■/ ■ • m . . • 

59. - - A proportional controj is needed for , ; fans and pumps: 

• " - 1 -v " ■■ , y '. ' • .- 

• ■ - ' * ' - *• 

60 f Right . to 'light problems arise from interference from 1 and 



1 . 



61. Some examples of tax breaks as incentives to invest in solar heating are 
V . * , and taxes. > 

' In the fbllowWig multiple choice questions, choose the phrase which mostcor^ 
rectly completes the statement and circle the Corresponding tetter in front of the 

'phrase..;. • -. • *\ •;. : t 

62. The roof pitch tot direct mounted heating.only Collectors on building at 30° 
latitude would be • . - : . 

• . ' ~ •' " „ •* ■ ' 4 ' ' " : i 
•; a: 6/12 or 26 V2 0 . .r 

\b.' -7/12 or 30°. M ; r • ' 

;/--:l-.V. 12/14 or — > / 

.d". 4/12 of I8V2 °. ■ -T . ' f \ :v 
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63. Collector 



s shouMi 



a. before «*$p4ction. 

b. fcefofe nesting the com Jfc to the roof. 
C. afcef hoismg thecp"***or to the roof, 
d. **wn imtsKng Gmttf^t circuits. 



64. 



To mmm pmpemy, twaf^izo 
feet'jjtrri/n 



a. v men 

b. - nncn 




piping must have . 



. pitch foread|10 



65. fnsuJMv requffe^pperm: arae erganeeredlo 

, 4 t c«*«teract lodk 

6. lil; me wails f f 

c. cover the te^aat 

■ , d. cover the c*<iwt^f 



66/ Mu^h^Htee 

a. ' arcattect. 
b v deader. 
\ c. jnsartler: 

" d. . 0WTB5T. 



libiwrv f^r equipment placement is delegated to ttie 



67. 



If as/stem | s nor pefetorrmng: property major changes to the system should be 
made o«y afte * • ' . " 



a. redesigning trie systsin. 
-bi teat losses «*e redudid. 



68. 




,tub Aug to the oollecfbr. 
ffli^cks in ffth oebble-bed. 



air removal, at siart-up of liquid system, the serviceman shou« 



/ 



ail floilt vents, 
the collector connector, 
i^stem attter a week's operation. 
-icaHy openall bleeder valves. 
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69. Sejfisors tunction /because' " 
i • - * ■ s ■ • * ■ ■ 

, *}.. " i ' • . ' " % * ' . 

a. watqr or air pass over them ■ 

b. ; of the kind of controller usee with them. 

"/ c. heat changes in thteirjHectru^l resistance. ^ • 
. d. of reasons not mated/ • \ * ' * 

^ ^ ° ^ a ' ance an * a ' r Sular ft ea ti ng^T^em ; s e rvi c e p e r so 
. . review the s^rm drawings. 



drawings, 
formance dam 



a. review the s* 

' b. obtain pumr j 

c. adjust damf 

d. hav^iiilanufi^ttjrer's recommendations. # 



ru ft' 



71^ The rno*/ diffi^n liquid storage -snks- Tr'seal'are 



a. $Ot&&l$k 

b. fibfi^^H 

c. gl**v*W. 

d. ga^wfc fcl steel. 



72. ChecKiv^theaetter column often -involves 




7& A 



a. adBtqp itHKSfcits. 
bf chppging flbnihum strips, 
c. clnmnglMpowL 

ac^sting tfee flow rate. ' 



A sys**** mWbe out of adjustment 




of : ne*»«ttn 



a. its-*ilrtv or heat is decreasing 

b. thsH^eat as uneven. ^ ^ 

c. <>HriMing costs rise. 

d. aa^ the. above occur. " 

■ ( ; . ' , * . ... 

74. To kewJrom contaminating potable water/ a solar system needs 

• * 

a. a pressure relief valve. • 7 

b. a back-flow check valve. * * ' 
• ' 6. a balancing valve, 

d. a shut-off -valve. 



■/ 7' 



Be sure your name and address 
are >on your exam before rtiailing! 
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* To Progress Review Questions 



Locate the specific Progress Review. Alongside the question number you'll 'ind 
. the correct answer. •*''»'" 

- • J r •> ■ ■ ' • --' ■"- • ■■ ■ • ■■ - - - -•- 

If any of your answer^o not agree with ihose listed hereof irst, reread -*e ques- 
tton;Tl'ext, referback toyoV textbook; finally, if you still disagree or fail x untfer- 

Jjfand to your. satisfaction, fill^ut one of the student assistance forms provided 
wifh your course materials ana mail it to your instructor. A detailed explan ation 

.will'be sent to you "as soon as possible. .* ' • imiBhZS . 
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Lesson One 

, 1* T • 
2.1 
, 3. F ' 
*• F . 

•J "5>F* 

. 6. f :.; 

7. T 

8. F .„ 
.9. 

10. 
>11. 

''•42. T 

13. T 

14. T\ 

15. - F 

16. T 

17. F 
18: *T 

19. F 

20. F 

. 21. passive *» 
' 22.. g^entfouse 

23. air, liquid ' 

24N5dack, absorbing 

25. radiation, cQfv9uction,.cohv)ec 

tion . \' 



26. 
27. 
28. 
29.. 



9r 



V. 



V 



conduction 

during ■ .* . • • * ^ 

3 / 4 " to f%-* ' ' - . 

five feet, 

' 30.Ueakag£ plumbing comections 

31. heat pumps, electric resistance 
heaters 

32. Refrigeration * ' • 

33. ^bsorption * . 

^ 34. compressor, condensor, expand 
fcion valve^ evaporator 
no, maintenance 
50-80 : 

buildipRj dpsign long terrr 
payout maintenance 'etAr 
safe^ 

d 

b . 'O- • 



35. 
36. 
37. 



3*5 
39. 
40. 
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Lesson Two 

T. T 
2. 
• 3. 
'4. 
5. 
~6i 
7. 
8. 
9. 
SO. 
11. 
12, 
'13. 
14. 
15: 
16. 
17. 
18. 
19. 
20. 
21*. 
22 
23 
2 

25 

/26. 
/27. 

28. 

29. 
,30. 

31. 

32. 
* 33. 

34. 



N 



r 

F 
F 
F 

F ' :•• - ' - " 

t v 

T 

T ' 

' : :/- : . ; 

fossil ../■*, 
ultra-violet, visible, infrared „ 
BTU/ft 2 / . , 

3.69 \ 
ultfa : violet 
IR f 

infrared . < g^j ^ - 

lower, reduces k \ 
greater - 

2£ 0 ,75* - . ' 

loon time 

northern* ' - 

sputh 

the latitude, 15° , ' 

advance, ona 
c 
b 
b 

c ^ 
a 

a \ . - 
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Lesson Three 



> 



) I 



■ 2. 

.-' .3. 

4. 
- 5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
\14. 
15. 
,6. 

F- 

18. 
19 
20. 
21. 
22. 
23. 
2 
2 

26: 
27. 
28. 
29* 
30. 
31. 



T 
T 
F 
F 
T 
T ' 
T- ' 
F 
T 
F 
T 
F. 
F 
F 



> 



V 




.32: 

33. 
34. 
35. 
36. 
37. 
3 

-39: 



F 

, T 

I? 

T ' 

« . 

TV . • . ' • 

concentraUpg, flat plate 
^jf, liquid 

covers, absorbeVtyate, heat 
'transfer tube, insulation frame 

X: ■ :■ ■ 

b . 
d 

b • 

'b ' 
d . 

see. Figure 3-8 
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Lesson Four 

. 1 T • 
" 2. T, 
-3. F- 
Jr. F 

5. F *' •'■ 

6. 'T . 

■ 7..F \ 

'* 8. F " 
• .9. F J 

10. t ; 

'11. F * 
12. T . 
F 



38 



•A 



■■ -13. 

* 14. T 

'.. 15. T 

16. T. 

■f 



l 



-Si. 



F 

'a- f* 



* 20. J W . 

22^ phase change system 

23>f88 ' V .* . 

. £4/4hermosypb6n/ domestic hot ' ' 
•. * ' watery 1 ' - 
, 25. water, cock - ^ ■" 

• 26. building, cqflectdr 

; 27. electrolysis . / . v ; 

" 28. concrete % J. 

29. ' % wl to.1 1 /2? • - / ' ' \ < 

30. ve/ticsil/hogzontal 

31- d • 1 ' < 
32.«b ' 

• 33. a 

34. 6 J y ' '* 

35. 'a " y- 

37. A. water is abundant^ 

B, water absorbs he^^adily , 
v C./nrjinimafc space requirements 



A. t # th6 system nrfust be in- 
sulateS , '■ • ~ 

B. pverheating.^may occur 

•v C, thpj;e mnay be water-leakagq. 

f . pjtfblems, : : ? 

t). piping can corrode 
E. inspecting for -leaks in inac- 
cessible places. - j\ 

39. A. the system requires little 
maintenance • : 

6. leaks can be stopped easily 
V C/ vyarm air is easijy con- - . 

necteiub present- seating ^ 

.systems' ~~ P • /l ' * . ' 

D. jrQcks hold heat longer than* 
' water- ■ ■ . / 

40. A. they fnust be large com- 
• pared to 'water uni.ts , ] 

Bv pebbles mu'st be vyashed s w 
C. ductwork is bulky and oc-' 
• > cupies much space • 

41..* A. concrete 

' ./B. steel 

C>. fiberglass . 

42. ^22°F - ' v • * 

43. 7°F ■ - V 
44".- 54.6°F- ■ 



; : ; lesson Five 

; ~':i:/TV/.v. r ' 
, ' 2. <F 

v 5. T _ 
' e.' T 



,41; A* Pjepsyre feducifla valve t 

• B. y Cfteck valve • • 
*C C: Globe valve : 



a T r- 

:*12. F - 



V 



f; 



13. -F 

14. T;..' • 

; 16. T V 
17.. T. .: . 

18. F 

19 *: :r . .v . 

, 20.* V' ■■ 

21. T "V • * , . , 1 

24. collectors, heat storage ynits 

25. gallons per mjnute 

26. anti-freeze, or special fluid, a 
* drain-down. cycle ' 4 

27. shell; tube^l ■ 

28. static, v^ocifyjtotal 

29. system, 7an 

30. control ler, actuator ; 

31. cSlfectbr, storage uQit * 

32:' conventionai heat source ' 
33. nickel wire . \_ 
34. . thermaj conducting compound 
35. solenoids 
•36. damper, solenoid - 

37. electromagnetic . 

38. expansion tanK *f 

39. balancing valves 

40. dielectric unions 



> 42; A*, pirty fflter^ 9 ^^ m , 
.* " " B.» Dampef ad^istment 

• - *r Ba%ic alterations , * v 
43/ dV . . " ; 

; 45.4a, • ; t , - 

, - 4.6. SeeF^r^S^ - - 



V 
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Lesson Six 



r 



1. T ' 

2. F > 

3. T / 

:. 4. f 

♦ 5 - F •■ 

6. T 

7. T • 

8. F 

9. F "'.*. 
10. d r . < 

.1*1. d 

J2. a ,» 

13. c; -. ... 

b 

d ' " 

a - ^ * 
a ' .V- B 
731.1 sq.ft. 

SMACNA Installation Stan- 
dards " 

A. eiach procedure is based on 
different assumptions 

B. Must be thoroughly ac- 
quainted with the assumptions 
and how they differ from the 
parameters of his specific ap- 
plication ' » 

22. Any: ten of the following solar 
system fixed initial cost install- 

• ■ ed cost per square foot of cdl- 

• ' rector loan interest rate loan 

*term loan do\yp payment pro- 
perty-tax rate income tax. rate 
maintenance costs insurance 
rates property' tax rates fuel 
costs inflation 



ti 

16. 
17. 
18. 
19. 
20: 

21. 




'23. A. 55 

B. $1000 ,'■ 

C. 2.% 
.24. A. $6700 

B. 400 
*C. 72 
\ D. 16.3 
25- A. Shelf and {jube 
B. W-type 
" C. Helical 

26. 75 x 0.0025 x 145 



= 2.72 gal 



♦ 
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Lesson Seven 

! i. f ..- ' 

2. X ■ . 

5- F • . - ^ / 

6. F , - ' *- ' 

7. F • • . 

8. F - ... , 
.9.- T 

10. t 

11. ' T • 

: 13. . ' *'\ '" ■ 

... 14. d . '• .. ^,.1 . 

: 15: a- .' : , ' 

16. A.- Heating from the collector 

B. Heating from storage 

C. Heating,from auxiliary : 
• . D. StoringTheat 

E. Heating domestic hot water 
(DHW) ■ \: 

17. opposite.,/ 

18. ' A. ;air pressure in the system is 
" hijgher * - 

B. there is more ducting. 

C. the system runs more hours 

D. more ducts through 
.unhealed space ' 

19. belt : 

20. Mv ( e rubber seals 

21. A. storing-heat 

B. . heating from collector 

C. heating with auxiliary 



Lesson Eight 



\ 1. T ' 

\ 2. F - ■ , '■ 

A 3. T 

V 4.-T . • . • 

\ 5. T 
\6. 1 

• V- b . . m : . 

8. a ' 
-9\ d • ' • ■ " • • 
4- fO.\b 

•■ 11. d . ': 
• '12. dV 

-13: (AW two of these four); .... 

"A. yarianwof water 
\ ' temperature , 

B. v Design problems due to fact 
> that storage tank rjfiust.be * 

r » .above collector.^ 

C. Iitabilrty to use collector- 
wherfe temperature drops below 

. freezing, ■ \ 

D. Safety, valves necessary to 
, allow, excess ^pressures to_ - " • 

escape • • • - . : 

14. pressure/temperature relief 

15. A. Collector ' . " . 

8. Temperature sensor 

C. Pump ' 

DL Check valve see Figure 8-3 

16. 8.33x70x(1 55-45) = 64,141 



Lesson Nine 



\2. 

3. 
. 4.. 

5. 

6. 

.7. 

8. 

9. 
10.. 
"11.. 
12. 
13. 
• 14. 
15. 
16. 
17: 
18. 
19. 
20. 
21. 
22. 
23* 
24. 
25.. 
26. 
27! 
28. 

29: 

20. 
31. 

32. 

33. 
34. 



i. 



\ 



retrofitting 
water, container 
collectoV tilt angle 
air vent \ \ 

copper; nyi^-h temperature f 
plastic , 

volume of\fl\nd, temperature 
rise 

getter colur 
A. sheathing 
B: felt paper \nVtailation 
C. cutting plpwig openings 



* 35. A; soldering , ^ 
B. 'threading' . ' / 
; C. clamped rubber hoses * 
36. A. direct return 

B. reverse return". 
^ . C. series 
37\ A. a blower t.' 
■ nio^rized dampers 
• G.^'24-voit controller' 
^D. optional DHW preheat coil 
38. A. low thermal conductance 
B. high resilience . 
V C. resistant to fire, insects, 
etc. • 

D. a high melting point 

E. low bulk density 

F K a surface resistant to abra- 
sion ' „ : : 
* ■ <i 

39: b 

40. a, 1 

41. d" 

42. d " 

43. c . 
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Lc psonTen • 



t. 
k 
' 3v 
4. 
5. 
$« 
»7. 
8 
9. 

to. 
n.-'t 
f 

F 
T 
F 
T 
T 
F 



T 
T 
F 
T 
T 
T 
T 
T 
T* 
F 



33 

3 . 



,4 



12. 
13. 
> 14, 
15. 
16. 
17. 
18. 

19. burns, electrical shocfc j 

20. 24, sensors, relays, thermostats*^ 

21. open all bleed valves 

22. balancing valve . * 
•23. loope connector, thermal con-^f*. 

■ ddcting compound • " 
.24. work sheets 

25. pressure build-up behind the 
jjjass covers 

26. outgassing 

27. materials, workmanship 

28. 50% : 

29. getter column. 

30. 160 

31. v A( charging the system 
f ■ B: testing control modes 

. C. taking various 
measurements 




T 



32. A. air fjltbrs ; -X ' 

B.^l^id filters 
, C» "antifreeze concentration 
p blower drive belts 
■ . . E. pumps „ ■ «, 
F. liquid levels 

A. electrical controls 

B. plumbing connections to 
DHVy . . i ; t 

C. air diverting dampers a 

D. blower- \ * / 

E. "blower motor 

A. - verify lemperattire dif- 
ferences" 4. ■' ■ ' 

B. check service" voltage ' 

C. disconnect the collector 
Jead wire to simulate high or; 
'low temperatures '■ l :. mW 

D. check wire.arpurld th^ 
vice switch 1 . 

35. A. note the complajl^t I 

B. determine the syflnpftom 
' C. check tHfe caus^ of (each 
symptom : ' 
IT. remedy the trouble 

36. A. part ■failure ' - ' 

B. improper 1 adjustments - 
• C. poor*construction ^\ 
D. poor design 

37. A. rotating valve anemometer 
* B. velometer * \ 

* C/ pi tot tube 

D. pressure gauges (for Exam- 
ple manometer) 
thermometer 

F. tachometer 

G . ^vdlt-amp meter 
3&. e ' 

39. d 

•40. c ' 
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Lesson Eleven 



I* 




IT 

2., F 

3. «r 

4. F 
T 
F 
T 
F 
T 
F 

I 

T 
F 



5°. 

5- 
7. 
8. 
9. 
,10. 

& 

16: F 

17. 7; -," * , ■ 

,1$. bperati6nali majntenaR.ce- 
-19, structural, vegetation 
20. change the tilt gngle 
21.. zoning ff^" 

22. rcfgulatyfy, ctfiiripfchsatoVy 

23. low cost loans, tax breaks,* in- 
come, sales 4 real estate 

24. full, -limited, implied 

25. A. design characteristics 

B. intent of the codes when'. ^ 
written/ 

C. specific word trig 

• D. attitudes of local authorities 
E. cost of changing testing 
criteria 

26. A. ignore the system 

B. treat the' entire system as\a 
hot water system 

C. limit assessments to in- 
stallation costs 



X 



S 



27. A, right to light 

B. freedom from glare 

C. nuisances 

■ D. building standards' 

28. a and c 

29. d 
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